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eXeCUTive sUmmary
on January 4, 2011, President obama signed into law the most far-reaching food safety legislation in over 
70 years. The Food Safety modernization Act (FSmA) mandates a science- and risk-based system built upon 
the premise that data-driven analysis should inform the efficient targeting of efforts to minimize foodborne 
illness risks to the American consumer. The national Academy of Sciences (nAS), the U.S. government 
Accountability office (gAo) and others have repeatedly called on the U.S. Food and Drug Administration 
(FDA) and the Food Safety and Inspection Service of the U.S. Department of Agriculture (USDA FSIS) to 
become more preventative and risk-based. Achieving this vision will require development of new data and 
risk-prioritization models to identify high-risk foods and facilities and to inform resource allocation decisions. 
Tightening budgets make implementation of this vision all the more urgent. 
The starting point for implementing risk-based food safety systems is being able to identify where the great-
est food safety problems lie. For foodborne illness, the starting point is the question: which pathogens in 
which foods cause the greatest impact on public health?
The question is easy to ask. getting a good answer isn’t. The U.S. centers for Disease control and 
Prevention (cDc) estimates that one in six Americans get sick each year from food contaminated by any one 
of dozens of bacteria, viruses and parasitic protozoa (Scallan et al. 2011a, 2011b). Foodborne pathogens 
cause not only mild diarrhea, but organ failure, paralysis, neurological impairment, blindness, stillbirths and 
death. Risk-based prioritization requires having some way to summarize the burden of these diverse condi-
tions into comparable measures of health impact. Furthermore, these illnesses are associated with myriad 
foods, from poultry to produce to peanut butter, but estimating the association between particular foods and 
these issues is not straightforward.
To provide a means of comparing the risks posed by different pathogen food combinations in the U.S., we 
developed a comparable set of estimates of disease burden for 14 leading pathogens across 12 food cate-
gories (168 pathogen-food combinations). These fourteen 14 pathogens represent over 95 percent of the an-
nual illnesses and hospitalizations, and almost 98 percent of the deaths, estimated by cDc due to 31 food-
borne pathogens (Scallan et al. 2011a). For each pathogen, we estimate health impacts in monetary cost of 
illness and loss of Quality Adjusted life years (QAlys), a measure of health-related quality of life. both cost 
of illness and QAly loss are integrated measures of disease burden that allow us to compare pathogens 
with very different rates of incidence, hospitalization and death, as well as different symptoms and long-term 
chronic conditions. We attribute these illnesses to foods based on an analysis of eleven years of foodborne 
outbreak data and a peer-reviewed expert elicitation (Hoffmann et al. 2007). We explain our method in 
chapter 2. There are significant uncertainties in the data sources and model assumptions used to obtain our 
estimates, and therefore in the estimates themselves. our analysis is constrained by these limitations. our 
estimates should be regarded, therefore, as an important starting point in an ongoing process to improve our 
understanding of the very complex interactions among pathogens and foods in the U.S. food system.
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Rankings
By Pathogen
We estimate that 14 foodborne pathogens cause 14.1 billion (2009 dollars) in cost of illness1, and loss 
of over 61,000 QAlys per year. more than 90 percent of this health burden is caused by five pathogens: 
Salmonella spp.2, Campylobacter spp., Listeria monocytogenes, Toxoplasma gondii and norovirus. Table 
ES-1 presents the public health impact of all 14 foodborne pathogens, according to five measures of disease 
burden: annual QAly loss, cost of illness, number of illnesses, hospitalizations and deaths. Pathogens are 
ordered by averaging their rank in QAly loss and their rank in monetary impact. 
Table es-1: annual disease burden Caused by 14 Foodborne PaThogens
Pathogen Combined Rank* QaLY Loss
Cost of 
iLLness  
($ miL.)
iLLnesses# hosPitaL-
izations#
deaths#
Salmonella spp. 1 16,782 3,309 1,027,561 19,336 378
Toxoplasma gondii 2 10,964 2,973 86,686 4,428 327
Campylobacter spp. 3 13,256 1,747 845,024 8,463 76
Listeria monocytogenes 3 9,651 2,655 1,591 1,455 255
Norovirus 5 5,023 2,002 5,461,731 14,663 149
E.coli 0157:H7 6      1,565 272 63,153 2,138 20
Clostridium perfringens  6 875 309 965,958 438 26
Yersinia enterocolitica 8 1,415 252 97,656 533 29
Vibrio vulnificus 8 557 291 96 93 36
Shigella spp. 10 545 121 131,254 1,456 10
Vibrio other+ 11 341 47 57,616 210 4
Cryptosporidium parvum 12 149 107 52,228 183 12
E.coli non-O157 STEC 13 327 26 112,752 271 0
Cyclospora cayetanensis 14 10 2 11,407 11 0
totaL 61,461 14,114 8,914,713 53,678 1,322
 * combined rank is the rank order when QAly rank and coI rank are averaged 
 # Incidence estimates are mean estimates reported in Scallan et al. (2011a). 
 + includes Vibrio parahaemolyticus and other non-choleric Vibrio species
1 Unless otherwise noted, all values are in 2009 dollars
2 Here and throughout the text, Salmonella spp. refers to nontyphoidal serotypes. 
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By Pathogen-Food Pair
A limited number of pathogen-food combinations are estimated to be responsible for most of the foodborne 
illness caused by the 14 pathogens included in this study. The top 50 pathogen-food combinations account 
for more than 90 percent of illnesses, hospitalizations and deaths examined in this study. The top 10 
pathogen-food combinations are responsible for over $8 billion in costs of illness annually or nearly 37,000 
lost QAlys, reflecting almost 60 percent of the impacts estimated across all 168 combinations. These top 
10 pathogen-food combinations are shown in Table ES-2, ordered by their combined (average) rank in QAly 
impacts and cost of illness impacts. 
Table es-2: The ToP 10 PaThogen-Food CombinaTions in Terms oF annual disease burden,  
by Combined rank
Pathogen-food Combinations Combined Rank QaLY Loss
Cost of 
iLLness  
($ miL.) 
iLLnesses hosPitaL-
izations
deaths
Campylobacter – Poultry 1      9,541  1,257        608,231           6,091                55 
Toxoplasma – Pork 2       4,495 1,219          35,537           1,815              134 
Listeria – Deli Meats 3       3,948 1,086              651              595              104 
Salmonella – Poultry 4       3,610 712        221,045           4,159                81 
Listeria – Dairy products 5       2,632 724              434              397                70 
Salmonella – Complex foods 6       3,195 630        195,655           3,682                72 
Norovirus – Complex foods 6       2,294 914     2,494,222           6,696                68 
Salmonella – Produce 8       2,781 548        170,264           3,204                63 
Toxoplasma – Beef 8       2,541 689          20,086           1,026                76 
Salmonella – Eggs 10       1,878 370        115,003           2,164                42 
totaL       36,915           8,151 3,861,128 29,830 765
Campylobacter in poultry is ranked first in both QAlys and dollars. While Campyolobacter is only the third 
(tied) ranked pathogen overall, these impacts are estimated to be primarily focused in a single food commod-
ity, based on our expert elicitation. 
Toxoplasma gondii is not a “front page” foodborne pathogen, but it is very important from a public health 
standpoint. cDc estimates that foodborne toxoplasmosis causes 327 deaths annually, second only to 
Salmonella (Scallan et al. 2011a); this high rate of mortality drives its ranking in our cost of illness and QAly 
rankings. Although conventionally associated with handling of cats and kitty litter, cDc now estimates that 
50 percent of toxoplasmosis is foodborne. Toxoplasma is known to be associated with consumption and han-
dling of raw or undercooked meats and raw goat’s milk, but attribution data is uncertain. based on an expert 
elicitation conducted by Hoffmann et al., (2007), pork (2nd) and beef (tied for 8th) are the highest ranking 
food commodities, but other data, including a recent Foodnet case-control study (Jones et al. 2009), sug-
gests this estimate of attribution to pork may be overstated.
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Listeria monocytogenes in deli meat (3rd) continues to be a major concern, though there have been major 
gains over the last decade in reducing contamination rates of packaged deli meats (USDA 2010).  FSIS and 
others have found, however, that the risks associated with retail-sliced deli meats to be five times higher than 
for prepackaged deli meats (gombas et al. 2003, Endrikat et al. 2010). The ranking of Listeria in dairy prod-
ucts (5th) is driven by a number of outbreaks associated with soft ripened cheeses made from unpasteurized 
milk, particularly queso fresco, a traditional fresh cheese common in mexican cuisine (voetsch et al. 2007).
Although Salmonella has the greatest health burden as measured by both cost of illness and QAly loss, that 
burden is distributed across a wide range of food products. Salmonella appears four times in the rankings, 
with the most significant burden of disease associated with poultry (4th). The other three food categories are 
non-meats. Salmonellosis due to contaminated produce (tied for 8th) has been recognized by others as a 
growing problem (lynch et al. 2009, maki 2009). In an analysis of foodborne outbreaks from 1998 to 2008, 
we found that of those due to Salmonella in produce, more than half were associated with tomatoes, sprouts 
or cantaloupes.3 Salmonella in eggs (10th) remains a major concern, though risks have significantly declined 
over the last twenty years (braden 2006).  
Salmonella and norovirus are both highly associated with “complex foods” (tied for 6th), a category created 
to capture outbreaks associated with non-meat dishes comprised of multiple ingredients, and for which a 
specific contaminated ingredient could not be identified. The nature of these outbreaks suggests an impor-
tant role for contamination, cross-contamination, and other mistakes during handling, preparation, and cook-
ing. The role of food workers has long been understood as a critical factor in outbreaks (greig et al. 2007). It 
has been suggested that up to 70 percent of foodborne illness are acquired outside the home (chapman et 
al. 2010). In our analysis of complex food outbreaks between 1998 and 2008, more than 70 percent of those 
due to Salmonella and 80 percent of those due to norovirus were prepared in professional kitchens.
It is important to recognize that these rankings reflect disease burden of the population of the United States 
for one year, and do not reflect risks to individual consumers or risk per serving. Susceptibility to illness from 
a particular pathogen depends on age, gender, and underlying health; for example, middle-aged men with 
liver disease are particularly susceptible to Vibrio vulnificus. likewise, annual risk is a function of risk per 
serving and the number of servings consumed. Some of the riskiest foods on a per serving basis are con-
sumed quite rarely, while some of the safest foods are consumed often enough and in large enough quanti-
ties to cause significant disease burden.
By Foods
The results of food rankings are shown in Table ES-3. Poultry ranks first causing over $2.4 billion in esti-
mated costs of illness annually and loss of 15,000 QAly a year. Pork and complex foods tie for 2nd, though 
pork’s ranking may be too high, as the estimates are driven by attribution estimates for Toxoplasma gondii 
that may be outdated. It is notable that that produce is estimated to cause greater QAly loss and cost of ill-
ness than beef. 
3 This is true even when accounting for the recent acknowledgment by investigators that the 2008 Salmonella Saintpaul   
 outbreak was caused by contaminated peppers and not tomatoes (behravesh et al. 2011)
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Table es-3: disease burden by Food CaTegory, summed aCross PaThogens,  
by Combined rank
food CategoRY QaLY Loss
Cost of 
iLLness 
($ miL.)
iLLnesses hosPitaL-
izations
deaths
1 Poultry 14,744 2,462 1,538,468 11,952 180
2 Complex foods 7,518 2,078 3,001,858 11,674 189
3 Pork 7,830 1,894 449,322 4,334 201
4 Produce 6,171 1,404 1,193,970 7,125 134
5 Beef 5,766 1,338 760,799 4,818 131
6 Deli/Other Meats 5,065 1,338 204,293 1,889 129
7 Dairy products 5,410 1,232 297,410 2,933 114
8 Seafood 2,762 921 642,860 2,937 97
9 Game 2,551 651 46,636 1,106 69
10 Eggs 2,252 428 170,123 2,472 45
11 Baked goods 988 273 462,399 1,833 25
12 Beverages 403 94 146,577 606 8
totaL 61,461 14,114 8,914,713 53,678 1,322
Foods associated with numerous pathogens (poultry, pork, produce) rank much higher than those ordinarily 
associated with only one or two pathogens (eggs, seafood). Analysis by foods highlights why use of multiple 
empirical measures is necessary to understand the complex picture that is arguably oversimplified by top 
10 lists. For example, although Salmonella in eggs ranks within the top 10 pathogen-food pairs, eggs are 
estimated to be among the lowest ranking food categories overall. This is because few other pathogens have 
high numbers of egg-associated illnesses, hospitalizations or deaths. 
An important feature of risk-based decision making is taking seriously the uncertainty inherent in any analysis 
of empirical data. The tables above, it must be noted, are based on point values and one set of modeling as-
sumptions. There are significant uncertainties underlying the data and assumptions upon which our model is 
built, and therefore of our results. Sensitivity analyses that consider uncertainty in incidence estimates, health 
valuation estimates and attribution data and assumptions are summarized in chapter 3, and further analyses 
are underway. The estimates presented in the above tables should be regarded, therefore, as a starting point 
in an ongoing process to improve data sources and better understand the very complex interactions among 
pathogens and food in the U.S. food system. 
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FinDings anD RECOMMEnDaTiOns
We identify nine major findings, presented in detail in chapter 4 and summarized here:
the public health burden of 14 foodborne pathogens in the United states to be over $14 bil-1. 
lion or 60,000 QaLYs per year, with 90 percent of these impacts due to only five pathogens: 
Salmonella, Campylobacter, Listeria, Toxoplasma and norovirus. The 14 pathogens analyzed 
represent over 95 percent of the annual illnesses and hospitalizations, and almost 98 percent of the 
deaths, due to the 31 specific foodborne pathogens estimated by cDc. long-term complications result-
ing from acute infection are an important component of disease burden estimates for Campylobacter, 
Listeria, and Toxoplasma. Across all 14 pathogens in all foods, we find about 60 percent of the burden is 
due to only 10 pathogen-food pairs, a list which includes a variety of commodities including poultry, pork, 
produce, beef, dairy products and eggs.
Consumption of FDa-regulated foods is estimated to cause about half of the overall national 2. 
burden of foodborne disease. Although attribution data are imperfect, our analysis suggests that 
poultry, pork and beef (all regulated by USDA) cause about $5.7 billion or loss of 30,000 QAlys in dis-
ease burden annually, while produce, dairy products, seafood, breads, beverages and multi-ingredient 
complex foods (e.g. non-meat dishes served in restaurants, other establishments or homes, as well as 
processed foods such as peanut butter) cause about $6.0 billion or 24,000 QAlys in disease burden. 
Deli meats and eggs cause an additional $1.8 billion or loss of 7,000 QAlys. This can be viewed as a 
shared USDA/FDA responsibility; although FSIS regulates deli meat manufacture and processing, FDA 
has federal responsibility for developing model statutes for food handling in food service and retail food 
establishment where contamination often occurs. It is important to note that our estimates of the burden 
of disease take current control efforts in the private and public sectors as given. These estimates do not 
measure the efficacy of either FSIS or FDA activities.
Four of the top 10 pathogen-food combinations represent significant risks to pregnant 3. 
women and developing fetuses. congenital listeriosis and toxoplasmosis can both lead to miscar-
riage, stillbirth and neonatal death, as well as lifelong complications ranging from mild learning dis-
abilities to severe mental impairment, permanently blurry vision, neurological disorders, and paralysis. 
our analysis suggests that current efforts at reducing these risks may not be sufficient, particularly with 
respect to Listeria monocytogenes in deli meats and in dairy products (such as queso fresco made and 
consumed in latino communities from raw milk), and Toxoplasma gondii in pork, beef and other meats. 
Increased efforts, such as targeted educational campaigns, may be warranted.
Salmonella4.  causes more disease burden than any other foodborne pathogen, and accord-
ing to Foodnet surveillance data, is one of the few foodborne pathogens that has not sig-
nificantly declined over the past 10 years. According to cDc estimates, Salmonella is the leading 
pathogen in terms of annual deaths and hospitalizations. our analysis suggests it is also the leading patho-
gen whether measured in cost of illness ($3.3 billion) or in impacts to health-related quality of life (loss 
of 17,000 QAlys). our analysis also shows Salmonella disease burden as being associated with a wide 
variety of foods regulated by both FSIS and FDA, with significant risks associated with poultry, produce 
and eggs. This suggests that reduction of the national burden of salmonellosis will require a coordinated ef-
fort by both agencies addressing a broad array of foods. We recommend the agencies convene a national 
cross-agency initiative in collaboration with cDc that looks across the entire food system to target opportu-
nities for risk reduction.
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Contaminated poultry has the greatest public health impact among foods. it is responsible 5. 
for an estimated $2.5 billion or loss of 15,000 QaLYs in annual disease burden. Poultry is the 
only food commodity (e.g. other than complex dishes) that appears twice in our top 10. Its most significant 
disease burden is due to contamination with Campylobacter and Salmonella. our analysis supports FSIS 
decisions in 2010 to increase the stringency of Salmonella performance standards in broiler chickens 
for the first time in 15 years and to set new performance standards for Campylobacter for the first time 
in the agency’s history (USDA 2009, 2011). ongoing improvement in this area is necessary, however. 
Dynamic performance standards would allow such efforts to be brought into an environment of continual 
improvement.
Considerable burden of disease is caused by food handling and preparation problems in food 6. 
service and retail settings. The role of food workers has long been understood as an important fac-
tor in foodborne disease. Listeria monocytogenes in deli meats ranks as the pathogen-food pair with 
the third highest disease burden, and recent studies suggest that the majority of these illnesses are 
due to retail-sliced deli meats rather than those that are prepackaged. likewise, Foodnet case control 
studies for numerous pathogens consistently show higher risks for foods prepared outside the home. 
In our analysis, complex multi-ingredient dishes, often prepared by restaurants, caterers, cafeterias, deli 
counters and other establishments, are the third leading food group in terms of associated burden of dis-
ease. Depending on the pathogen, 70-80 percent of outbreaks in our dataset due to complex foods were 
caused by foods prepared outside of the home. This suggests that there remains room for significant im-
provement in food safety in professional kitchens, both through private sector efforts to facilitate a culture 
of food safety, and through the strengthening of the critical efforts of state and local public health and 
regulatory agencies that oversee these establishments. government actions that could improve retail and 
food service food safety include fully funding state and local inspection activities, increasing adoption of 
the most recent FDA Food code by states, increasing the risk-basis of inspection criteria, and increasing 
education and training of food workers and government inspectors.
Toxoplasma gondii7.  causes disease burden of nearly $3 billion or 11,000 in QaLY loss, yet our 
understanding of the pathways for human infection from Toxoplasma is limited. Although toxo-
plasmosis is conventionally associated with cats and kitty litter, cDc now estimates that 50% of cases 
are foodborne (Scallan et al. 2011a). cDc also estimates that foodborne toxoplasmosis is surpassed 
only by Salmonella in the number of annual deaths it causes (Scallan et al. 2011a). Attribution data link-
ing illnesses to specific foods is lacking, however, hindering the ability of the government to intervene 
effectively to prevent these illnesses. Toxoplasma has historically been associated with pork, but tests 
on pork show a major decline over the last 15 years, while a recent case-control study by cDc found 
the leading foodborne risks to be eating raw ground beef, rare lamb or locally-produced cured, dried or 
smoked meat (Jones et al. 2009). Improved surveillance is needed to better estimate the true incidence 
of foodborne toxoplasmosis, and significant increases in data collection, epidemiologic studies and sci-
entific research are needed to understand the relative importance of routes of toxoplasmosis transmis-
sion. This effort needs to involve both regulatory and research agencies in the federal government as well 
as researchers in universities and the private sector.
E. coli8.  O157:h7 and non-O157 steCs cause about $300 million or loss of 2,000 QaLYs in 
disease burden annually. Although the overall burden of disease is not as high as the top five patho-
gens, individual cases of illness are devastating both physically and financially, and often occur in small 
children, a sensitive subpopulation that warrants particular protection. our findings do not suggest that 
STEcs are unimportant or that special attention to E. coli o157:H7 is unwarranted; rather, the lesson 
should be that there are other pathogens with less public awareness which warrant increased attention, 
both by the public and by the government. Risk rankings should be only one factor in resource prioritiza-
tion and regulatory decision making.
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9. Our results are limited by uncertainties in underlying data, none more so than gaps in our 
ability to confidently attribute cases of foodborne illnesses to specific foods. in order to cre-
ate the most robust results we could, we conducted a number of sensitivity analyses around 
incidence estimates, methods of attributing illnesses to foods, and parameters in our mone-
tary and QaLY estimates. Alternative incidence estimates and valuation parameters do not greatly im-
pact rankings because the factors underlying these uncertainties are highly correlated across pathogens. 
by far, the largest knowledge gap, and the greatest challenge to prioritizing and targeting efforts by both 
the public and private sectors is what is called “food attribution” data. Improved attribution estimates 
are needed for all five of the top pathogens, but the needs are most acute with respect to Salmonella, 
Toxoplasma and Campylobacter. Federal regulatory and research agencies should collaborate to priori-
tize and fund data collection activities, innovative epidemiologic studies, and research efforts to address 
these open questions, including efforts to merge or compare information from multiple sources. 
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CHaPTer 1: inTrodUCTion
cDc estimates that one in six Americans get sick each year from food contaminated with bacteria, viruses 
and parasitic protozoa (Scallan et al. 2011a). While most of these 50 million cases of foodborne illness 
are mild, they are associated with more than 100,000 hospitalizations and over 3,000 deaths each year. 
Reducing these numbers has proven to be a challenge because America’s food supply is a massive and 
complex system comprised of hundreds of thousands of firms that provide consumers with hundreds of bil-
lions of dollars worth of food each year. moreover, this system is constantly in flux, due to changing consump-
tion patterns, changing business landscapes, development of new products, and increasingly globalized 
supply chains.
Federal, state and local government agencies are tasked with overseeing all of these firms , big and small, 
along the farm to fork continuum – growers, producers, processors, transporters, importers, wholesalers, 
retailers, restaurants and more. yet, particularly in today’s economic climate, budget resources are limited. 
Thus, due to these very real and implicit constraints, the FDA and the USDA/FSIS must continually make 
decisions about how to prioritize efforts and how to allocate their resources to best ensure the safety of 
America’s food.
How the agencies manage their resources has been a focus of a number of studies by the nAS and the 
gAo (nAS 1998, 2003, 2010; gAo 1992, 2001, 2008, 2011). These reports have described the agen-
cies approaches as overly reactive, rather than proactive, and called for a more science-driven, risk-based 
approach to food safety. The FSmA, signed into law by President obama on January 4, 2011, addresses a 
number of these concerns. It mandates that the FDA take a more risk-based approach to a number of critical 
food safety activities, such as in the development of new performance standards, produce safety standards, 
recordkeeping requirements, and foreign supplier verification programs.
While implementation of the FSmA will do many things to improve food safety efforts at FDA and FSIS, 
it represents only a first step in achieving the long-term vision of a science-driven, risk-based food safety 
system. Indeed, the most recent nAS report, published in June of 2010, goes significantly further than the 
FSmA in defining a risk-based approach:
In a food safety system, decisions about resource allocation need to be made consistently in order 
to maximize benefits and reduce risks while also considering costs. Food safety risk managers must 
consider a wide variety of concerns in their decision making, including the needs and values of diverse 
stakeholders, the controllability of various risks, the size and vulnerabilities of the populations affected, 
and economic factors. Although the balancing of diverse risks, benefits and costs is challenging, the 
lack of a systematic, risk-based approach to facilitate decision making can cause problems ranging from 
a decrease in public trust to the occurrence of unintended consequences to society, the environment 
and the marketplace. Moreover, to carry out all its food safety responsibilities and ensure continuity of 
everyday operations, the FDA needs to have sufficient staff working on food issues to ensure that rou-
tine functions continue even when a crisis occurs (p.4).
The nAS report goes on to define the key analytical attributes of risk-based food safety management:
“the formulation of a strategic plan that identifies outcomes/goals of the risk-based system, •	
broad-based risk ranking to identify the most important risks based exclusively on public health •	
considerations,
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the identification of additional data/information needs upon which prioritization of resources may  •	
be based,
the choice of intervention strategies and allocation of regulatory resources, and•	
the evaluation of outcomes. (p.57).”•	
In short, a risk-based approach to food safety is built upon data, analyses and decision tools that help policy 
makers: (1) identify the most significant risks from a public health perspective, (2) prioritize opportunities to 
reduce these risks based upon feasibility, effectiveness and cost of potential interventions, and (3) develop 
interventions and allocate resources accordingly.
Thus, Step 2 of 6 in the nAS report’s recommended components of a risk-based food safety system is for 
the agency to: “develop or select tools (models, measures or other) for public health risk ranking in consulta-
tion with stakeholders; rank risks based on public health outcomes; and report results and solicit feedback 
(p.82).” With a large and increasing number of foodborne pathogens and a vast array of food products that 
serve as vehicles for human exposure, one of the key goals of such rankings is therefore to answer the ques-
tion: which pathogens in which foods cause the greatest burden on public health?
It is this question we hope to answer. This study develops a quantitative and empirical risk ranking approach 
to compare the relative public health impact of 14 major foodborne pathogens and the food categories with 
which they are associated. The Foodborne Illness Risk Ranking model (FIRRm) ranks pathogen-food com-
binations by estimated public health impact as quantified by five distinct but related measures: the number 
of illnesses, hospitalizations and deaths, as well as monetary impact based on health valuation, and loss of 
QAlys, a measure of health-related quality of life.cDc recently published critically valuable new estimates 
on the burden of illness associated with more than two dozen foodborne pathogens (Scallan et al. 2011a). 
These new estimates serve as the basis of our analysis, though we expand on their estimates in a number of 
important ways.
cDc estimates include only the annual number of illnesses, hospitalizations and deaths associated •	
with each pathogen. They do not account for chronic conditions resulting from foodborne infection 
– such as kidney failure due to E. coli o157:H7 and neuro-muscular syndromes such as paralysis 
resulting from Campylobacter – or serious impacts to developing fetuses – including miscarriage, still-
birth, neonatal death, permanent mental impairment and paralysis – that may result from infection with 
Listeria monocytogenes or Toxoplasma gondii. We characterize the major symptoms, severities and 
likelihoods for both acute and chronic conditions in disease outcome trees that provide a more com-
prehensive picture. There are a number of chronic sequelae to foodborne illness, such as postinfec-
tious irritable bowel syndrome and reactive arthritis, which we have not estimated.
In order to compare very different pathogens associated with different symptoms, severities and •	
chronic conditions, we developed two integrated measures of disease burden, which serve as a com-
mon metric by which pathogens can be ranked. First, we use the health trees to estimate the impact 
of these diseases in monetary terms, including the medical costs and productivity losses (lost wages) 
due to morbidity, as well as less conservative values that incorporate pain, suffering and loss due to 
premature mortality. Second, we compute QAlys lost due to each pathogen, based on the same 
health trees. QAlys, as described in chapter 2, are a tool used in medical decision making to measure 
the health-related quality of life associated with different health states on a simple scale from 0 (death) 
to 1 (perfect health). The values between 0 and 1 are derived from large population-based surveys and 
therefore represent societal views about the pain, suffering, and quality of life associated with all sorts 
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of health conditions. by computing health impacts both in dollars and QAly loss, we provide two com-
prehensive, integrated metrics that can be compared across pathogens.
cDc estimates do not attribute these illnesses to specific types of foods. We draw upon over 10 years •	
of data from foodborne outbreaks, as well as a large, peer-reviewed expert elicitation study we con-
ducted, to assign the relative proportion of each pathogen across more than a dozen food types (e.g. 
beef, poultry, produce, eggs, dairy products, deli meats, etc.). 
by combining cDc estimates of illness, our health valuation estimates, and these attribution percent-•	
ages, we estimate the number of annual illnesses, hospitalizations, deaths, dollars and QAly loss as-
sociated with more than 150 pathogen-food combinations (e.g. E. coli o157:H7 in beef, Listeria mono-
cytogenes in deli meats). These pathogen-food combinations can then be ranked, and furthermore, 
these measures of public health impact can be summed to obtain estimates of public health impact of 
each food type due to all 14 pathogens combined.
our hope is that our findings – along with our overall modeling approach – can help inform federal, state 
and local agencies in their efforts to create a more data-driven, science- and risk-based national food safety 
system. We fully acknowledge that there are key uncertainties in the data underlying our model, as well as 
modeling assumptions that others do not agree with. We strive to be transparent, and have included some 
sensitivity analyses to show the results of alternative assumptions.
chapter 2 provides a brief overview of the analytical methods and data that serve as a foundation of the 
model. chapter 3 provides analytical results, including tables of ranked pathogens, ranked foods and ranked 
pathogen-food combinations. chapter 4 provides our findings and recommendations. 
Further information about the Foodborne Illness Risk Ranking model can be found at http://www.thefsrc.org 
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CHaPTer 2: meTHodoloGy
In a science- and risk-based food safety system, risk managers prioritize food safety hazards and preventive 
interventions using the best available data on the distribution of risk and how risk can be reduced most ef-
fectively and efficiently. As described in the introduction, for foodborne pathogens, this requires an answer to 
the question: which pathogens in which foods cause the greatest impact on public health?
We developed FIRRm to address this question. FIRRm is a flexible decision tool designed to rank a large 
number of pathogen-food combinations by multiple measures of public health impact. The model allows 
users to check the robustness of rankings by permitting them to vary key model assumptions. This feature 
is designed to facilitate discussion about priorities among users with differing judgments about uncertain 
model parameters. 
our analysis examines foodborne disease burden from 14 major pathogens attributed to 12 broad food cate-
gories – or 168 pathogen food combinations. Disease impacts are measured in direct health impacts (cases, 
hospitalizations and deaths) as well as two aggregate measures of disease burden, cost of illness (dollars) 
and QAlys lost.
Although there are a number of complexities in our analysis, our overall analytical approach is relatively 
straightforward, as shown in Figure 2-1. Each of the following steps are expanded in this chapter:
First, we define the annual number of illnesses due to 14 foodborne pathogens. For the current analysis, we 
rely upon the most recent estimates by cDc (Scallan et al. 2011a).
Second, we create disease outcome trees that characterize the symptoms, severities and likelihood of major 
health states, such as hospitalization and death, associated with each of the 14 pathogens. For example, 
the tree for Listeria includes the impacts to developing fetuses, including miscarriage, stillbirth and lifetime 
mental disabilities. likewise, the tree for Campylobacter includes the fact that some percentage of infections 
result in neurological sequela in the form of guillain-barré Syndrome (gbS).
Third, we estimate the “cost of illness” associated with each health state in each tree. For morbidity, we 
estimate medical costs and productivity losses due to acute infection and chronic sequelae. For premature 
mortality, we use a value of statistical life (vSl) of $7.9 million. We sum impacts across all branches in each 
disease outcome tree to obtain costs of illness for each pathogen.
Fourth, we estimate QAly loss associated with each health state in each tree. QAlys are a function of 
health-related quality of life, measured between 0 (death) and 1 (perfect health), and time. one QAly is 
equal to one year of perfect health, or two years of 50 percent quality of life. QAly loss is the difference be-
tween quality of life with and without an ailment over some period of time. We use the EQ-5D instrument to 
estimate QAly loss for each health state (Shaw et al. 2005), then sum across the branches of each disease 
outcome tree to obtain QAly loss for each pathogen.
Fifth, for each pathogen, we estimate the proportion of illnesses due to each of 12 food categories based on 
an analysis of cDc outbreak data. For each pathogen, we compute the percentage of total outbreaks from 
1998-2008 associated with each of the food categories. For four pathogens in which outbreak data are in-
sufficient (Campylobacter spp., Cryptosporidium parvum, Toxoplasma gondii and Yersinia enterocolitica), we 
use the results of a peer-reviewed expert elicitation conducted as part of this study.
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Sixth, by applying these food attribution percentages to estimates of dollar and QAly impacts for each path-
ogen, we compute values for each pathogen-food pair. For each food category, we then sum dollars across 
all 14 pathogens to estimate the public health impact measured in dollars for each food category. We do the 
same for QAlys. We also calculate the average of rankings based on QAlys and on dollars to provide an-
other, aggregate perspective on overall disease burden.
Figure 2-1: sTePs in Foodborne illness risk ranking
In this chapter, we explain these steps in greater depth.
EsTiMaTing inCiDEnCE
The first step towards estimating the public health impact of pathogen-food combinations is to determine the 
overall burden of each relevant pathogen in terms of the number of annual estimated illnesses, hospitaliza-
tions and deaths. cDc epidemiologists published groundbreaking estimates of foodborne disease incidence 
for the United States in 1999 (mead et al.), and just last year, cDc published revised and updated estimates 
for 31 pathogens (including sub-types) (Scallan et al. 2011a). These new estimates form the basis of our 
analysis.
We include 14 foodborne pathogens from Scallan et al. (2011a) in our analysis. These 14 pathogens repre-
sent over 95 percent of the annual illnesses and hospitalizations, and almost 98 percent of the deaths cDc 
attributes to all 31 foodborne pathogens in its study of foodborne disease incidence in the U.S. (Scallan et 
al. 2011a). They include those pathogens monitored by Foodnet surveillance, plus norovirus, Toxoplasma 
gondii and Clostridium perfringens. The Foodnet pathogens are included both because these have been 
identified as of high priority by cDc and state departments of public health and because Foodnet is the na-
tion’s strongest foodborne surveillance program with the best data on incidence of disease. The other three 
pathogens are included because they rank high in recent cDc incidence estimates.4 norovirus is the leading 
cause of overall cases of foodborne illness and second leading cause of hospitalizations. Toxoplasma gondii 
is the second leading cause of deaths, and C. perfringens was estimated to cause the third highest number 
of cases of illness.
4 our analysis was originally done based on older cDc estimates of foodborne incidence (mead et al. 1999), and updated to 
reflect new cDc estimates published in December (Scallan et al. 2011a). The importance of the three non-Foodnet pathogens was 
similar in earlier estimates.
INCIDENCE ESTIMATES
(annual illnesses, hospital 
stays, death due to each 
pathogen)
RANK PATHOGENS
(dollars & QALYs)
RANK PATHOGEN-FOOD 
COMBINATIONS
(dollars & QALYs)
RANK FOODS
(summ across 
pathogens)
(dollars & QALYs)
FOOD ATTRIBUTION
(dollars and QALY
loss due to each
pathogen-food pair)
PUBLIC HEALTH IMPACT
(dollars and QALY loss 
due to each pathogen)
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Table 2-1:  mean esTimaTes oF annual domesTiC inCidenCe oF Foodborne disease,  
sorTed by number oF illnesses
Pathogen iLLnesses
Rank bY 
iLLnesses 
Caused
hosPitaL-
izations
Rank bY 
hosPitaL’s 
Caused
deaths
Rank bY 
deaths 
Caused
Norovirus 5,461,731 1 14,663 2 149 4
Salmonella spp. 1,027,561 2 19,336 1 378 1
Clostridium perfringens 965,958 3 438 10 26 8
Campylobacter spp. 845,024 4 8,463 3 76 5
Shigella spp. 131,254 6 1,456 6 10 10
E. coli STEC non-O157 112,752 7 271 12 0 20
Yersinia enterocolitica 97,656 8 533 9 29 7
Toxoplasma gondii 86,686 9 4,428 4 327 2
E. coli 0157:H7 63,153 12 2,138 5 20 9
Cryptosporidium spp. 57,616 13 210 14 4 15
Vibrio parahaemolyticus 34,664 14 100 16 4 16
Vibrio spp., other 17,564 16 83 21 8 12
Cyclospora cayetanensis 11,407 21 11 27 0 20
Listeria monocytogenes 1,591 24 1,455 7 255 3
Vibrio vulnificus 96 28 93 18 36 6
Subtotal (14 pathogens) 8,914,713 53,678 1,322
totaL (aLL 31 Pathogens) 9,388,075 55,961 1,351
note: values and rankings represent scoring among the 31 pathogens included in Scallan et al. (2011a). Eleven pathogens are 
estimated to cause no deaths, all tying for 20th place in number of deaths.
EsTiMaTing PubliC HEalTH iMPaCT
The second step in estimating the public health impact of pathogen-food combinations is to develop inte-
grated measures of disease burden for each relevant pathogen. We estimate the cost of illness associated 
with each pathogen, as well as the QAly loss.
Integrated measures such as cost of illness and QAly loss allow comparison of the burden of disease 
across pathogens with very different incidence, symptoms and severities. Summary statistics such as the 
number of annual illnesses, hospitalizations and deaths each provide narrow and often conflicting pictures of 
relative disease burden. For example, norovirus causes five times as many illnesses as Salmonella, but most 
of these are mild, while Salmonella causes more hospitalizations and more than twice as many deaths per 
year (Table 2-1). Listeria ranks as the 24th pathogen of 31 in terms of illnesses, 3rd in deaths caused and 7th 
as a cause of hospitalizations.
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Even rankings on a single health statistic, like hospitalizations, mask very meaningful differences in the severity 
and timing of health impacts. For example, hospitalizations with E. coli o157:H7 tend to be much more serious 
than those with norovirus. Perhaps more importantly, these summary measures ignore critically important health 
consequences of foodborne infection, such as the chronic disease that can follow an acute infection. An E. 
coli o157:H7 infection can result in kidney failure, lifelong dialysis, organ transplants diabetes, neurologic se-
quel, other long-term complications, and shortened life expectancy. Campylobacter infection can cause gbS, 
a painful neuro-muscular disorder that can result in loss of motor control or even paralysis (Poropatich et al. 
2010). Listeria monocytogenes and Toxoplasma gondii both can result in permanent, lifelong mental and physi-
cal disabilities in babies. Simple counts of deaths say nothing about the age of those who die; some patho-
gens predominately cause mortality in infants or young children, while others primarily result in elderly deaths. 
conventional public health statistics do not capture this variation in severity and impact.
both cost of illness and QAly loss are designed to reflect the varying severity and duration of health out-
comes in a common metric that can then be aggregated across health states and pathogens. As such, they 
are considered “integrated measures of disease burden.” QAly loss reflects differences in the age of death. 
We estimate both cost of illness and QAly loss for several reasons. Each of these metrics has different 
strengths and limitations and addresses different basic policy questions. In part because of these reasons, 
support for their use varies by scientific discipline and by agency.
narrowly defined, cost of illness captures the financial impacts of illness including cost of treatment and lost 
labor market productivity. We add to this a measure of the value people place on reducing mortality risk, 
termed a value of statistical life. Health economists view cost of illness as a conservative lower bound on the 
value of preventing disease, which include avoidance of non-labor market impacts on productivity, avoidance 
of pain and suffering, concern for others and many other motivations underlying peoples’ willingness to pay 
to prevent disease. cost of illness is often easier to measure than willingness to pay for disease prevention, 
and it is often easier for non-economists to understand. yet as a monetized measure it is directly comparable 
with costs of preventive actions and with estimates of the benefits of other programs. As a result, cost of ill-
ness is one of the methods that have historically been used in public policy analysis. The White House office 
of management and budget (omb) requires the use of either cost of illness or estimates of willingness to 
pay to reduce risk of illness or death in impact analysis for major federal regulatory actions (2003). However, 
some people, including many health and public health professionals, are uncomfortable with the idea that 
one can monetize the benefits of health expenditures and thereby compare the value of those actions to other 
possible actions, like investment in education.
QAlys have nearly the opposite strengths and weaknesses. QAly measures were originally designed for 
use in a clinical medical setting to help doctors understand the relative effectiveness of alternative courses 
of treatment. QAly estimates are based on either expert or lay evaluation of the health-related quality of life 
(measured on a scale from 0 to 1) of experiencing some health condition for an explicit period of time. This 
impact is measured using one of a variety of scientifically validated, qualitative scales. Use of a non-monetary 
scale gets around unease about monetizing the benefits of protecting health. yet QAlys are more abstract 
than dollars and largely unfamiliar to most people outside of medical and public health professional circles. 
more importantly, because they are not monetized, QAly estimates can only be used to address the ques-
tion of cost-effectiveness. They cannot be used to address the question of whether the benefits of a program 
justify its costs or whether the public return on a particular investment in health is greater than that in some-
thing else, for example, transportation infrastructure. As a result, QAlys have not historically been used in 
public policy analysis. Recently, omb has permitted their use in regulatory impact analysis, but only as a sup-
plement to monetized measures of regulatory impacts (omb 2003).
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DisEasE OuTCOME TREEs
The starting point for estimating monetary impacts and QAly loss associated with each pathogen is to iden-
tify the outcomes of an illness and characterize their severity and relative frequency. This is presented in a 
diagram, or disease outcome tree. These trees show the percentage of cases that are mild and require no 
doctor’s care, the percentage that are moderately severe resulting in physician’s visits, and the percentage 
that are severe, resulting in hospitalization. A second branching in the tree shows the percentage of severe 
cases that subsequently result in death or long-term health conditions (e.g. kidney failure). An example of a 
disease outcome tree is shown in Figure 2-2. 
Figure 2-2: examPle disease ouTCome Tree For a hyPoTheTiCal PaThogen
We develop empirical disease outcome trees for each pathogen. Where possible, we base our trees on those 
already developed and peer reviewed. We used trees developed by ERS for Salmonella, E. coli o157:H7, 
Listeria monocytogens and Campylobacter (buzby and Roberts 1996, Frenzen et al. 1999, Frenzen et al. 2005, 
ERS 2011). We base our tree for congenital toxoplasmosis on those developed by the researchers at the Dutch 
national Institute for Public Health and the Environment (RIvm) (Havelaar et al. 2007). For other pathogens, we 
follow methods used by these and other researchers by basing our trees on available literature, including peer-
reviewed journals, published cDc data, Dutch cost of illness estimates and outbreak reports. A bridge is made 
between these disease outcome trees and QAly estimates by drawing on the clinical medical literature to de-
velop a description of each of the outcomes included in the trees.
An important contribution of our analysis is that long-term disabilities, chronic conditions and latent impacts 
of acute illness that are not captured by cDc’s disease burden estimates are included in our disease out-
come trees. We estimate that about 1,900 of the 850,000 annual Campylobacter illnesses per year are 
subsequently hospitalized with gbS, a very serious autoimmune disorder that affects the nervous system 
and can result in paralysis (Frenzen 2008). gbS is responsible for more than half of the total costs of illness 
for Campylobacter, and more than three quarters of QAly loss. E. coli o157:H7 causes hemolytic uremic 
syndrome (HUS) in a small percentage (0.51 percent) of cases, and an estimated 3.3 percent of these wind 
up with End-Stage Renal Disease (ESRD), which results in lifetime dialysis, possibly kidney transplants and 
ANNUAL FOODBORNE
ILLNESSES
MILD
(no physician visit, 
recovery)
SEVERE
(hospitalization)
FULL RECOVERY
DEATH
MODERATE
(physician visit, recovery)
100,000 cases
89,000 cases
10,000 cases
980 cases
1,000 cases
20 cases
89%
10%
98%
1%
2%
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a shortened lifespan (Frenzen et al. 2005). chronic impacts comprise about 25 percent of costs of illness 
due to E. coli o157:H7, and about 15 percent of QAly loss. We estimate that 29 percent of infections with 
Cryptosporidium parvum result in a relapse of mild gastroenteritis (Quiroz et al. 2000). A small percent (0.3 
percent) of cases of acute toxoplasmosis result in retinitis and other eye problems, which can cause perma-
nent, largely untreatable blurry vision (burnett et al. 1998). 
Furthermore, both Toxoplasma gondii and Listeria monocytogenes can cause permanent and devastat-
ing damage to developing fetuses, including stillbirths and neonatal death, serious hospitalization during 
infancy, and permanent, lifelong mental and physical disabilities. We estimate that congenital listeriosis 
acquired through food results in 61 stillbirths or neonatal deaths per year, as well as in 34 infants born with 
mild, moderate or severe mental impairment. congenital listeriosis causes about 15 percent of total costs 
of illness for Listeria monocytogenes and about half of QAly loss. We likewise estimate that congenital 
toxoplasmosis acquired through food results in 16 stillbirths or neonatal deaths annually, as well as in 216 
infants born with mild to serious permanent impairments, ranging from blurry vision, mental impairment 
and neurological problems such as partial paralysis and abnormal movement. congenital toxoplasmosis 
comprises only 5 percent of costs of illness due to Toxoplasma gondii, but as discussed in the following 
section, this is because we lacked sufficient data to estimate chronic medical costs or productivity losses 
due to chronic physical and mental disabilities for this pathogen. congenital toxoplasmosis comprises 15 
percent of total QAly loss for Toxoplasma gondii.  These outcomes play an important role in our estimates 
of both cost of illness and QAly loss.
COsT OF illnEss EsTiMaTEs
To estimate the cost of illness associated with a particular pathogen, we first estimate the cost of illness for 
each health state in the 14 disease outcome trees. cost of illness includes values for both morbidity and mor-
tality. our estimation methods for valuing the cost of morbidity were designed to be as consistent as possible 
with the USDA Economic Research Service (ERS) cost of illness estimates for Salmonella, Campylobacter, E. 
coli o157:H7 and Listeria monocytogenes. These costs include both cost of treatment and lost labor market 
productivity. For each morbidity health state, we sum the medical costs and productivity loss and multiply the 
result by the number of annual cases we estimate of that state in the disease outcome tree. For deaths, we re-
place the ERS annuity method with a standard application of value of statistical life estimates as typically done 
in federal regulatory impact analysis. This is then multiplied by the number of deaths. We then sum across all of 
the health states in each tree (morbidity and mortality) to obtain the total public health impact of that pathogen 
in dollar terms. A brief description of the data and assumptions used to derive these estimates follows.
medical costs include physician and emergency room visits, hospitalization, outpatient treatment and long-
term care for permanent or chronic conditions. For foodborne salmonellosis, Campylobacteriosis, illness 
due to E. coli o157:H7 and listeriosis, we use the most recent ERS estimates of these costs updated to 
2009 dollars following the ERS choice of price indices. Hospitalization accounts for the largest share of 
medical costs. For cryptosporidium, norovirus, Shigella, Toxoplasma gondii and yersinia, we base estimates 
of hospital costs on the nationwide Inpatient Sample (nIS) for 2001-2003. The remaining five pathogens 
did not have sufficient coverage in the nIS to allow estimation of hospital costs from that source. For these 
pathogens we assume that costs of an individual hospitalization are the same as for a proxy pathogen with 
similar symptoms, severity and duration (though the number of hospitalizations is based on cDc statistics 
for that pathogen) . Thus, we assume that costs per hospitalization of with cyclospora are the same as costs 
per hospitalization with cryptosporidium. We report species specific incidence, hospitalization and fatality 
rates drawn from Scallan et al. (2010) for Vibrio vulnificus, Vibrio parahaemolyticus, and other non-choleric 
Vibrio spp., but costs of individual hospital visits for all three species of Vibrio are assumed to mirror per 
hospitalization costs of similarly severe cases of Listeria monocytogenes. likewise, costs per hospitalization 
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with E. coli non-o157 STEcs mirror E. coli o157:H7, and costs per hospitalization with c. perfringens mir-
ror norovirus. We base non-hospitalization health care costs on ERS estimates. For each health state in each 
tree, we assume the number of visits to physicians, emergency rooms and outpatient clinics mirrors that of 
the most similar health state estimated for foodborne salmonellosis; we then apply ERS costs per visit (which 
are assumed not to vary by pathogen). The only pathogen for which costs of outpatient prescription and non-
prescription medicines are included is E. coli o157:H7, for which they account for less than 1 percent of 
total medical treatment costs estimated by ERS. There is substantial uncertainty about these estimates; they 
are therefore omitted from estimates for other pathogens as de minimis.
Productivity loss per day of illness is estimated as average daily wage adjusted by a population employment 
factor reflecting the employment rate of people of the age of those who become ill. As in medical costs, we 
base our estimates on those of ERS. ERS uses an age weighted hourly wage and takes into account the age 
distribution of illness. We believe the level of uncertainty in this analysis does not justify this level of precision. 
To remain roughly comparable to the ERS analysis, we use the mean productivity loss per day for Salmonella, 
averaged across all severities, for all acute illnesses. This is multiplied by the number of work days lost; work 
days lost is a function of duration, adjusted for severity and a five-day work week. Following ERS assump-
tions for salmonellosis, mild illnesses not requiring a physician visit result in 0.25 work days lost for each day 
of symptoms, while the rate for moderate illnesses is 0.33. Productivity losses due to chronic sequelae are 
estimated somewhat differently. Productivity losses due to chronic impacts resulting from congenital liste-
riosis are computed as degree of impairment multiplied by average lifetime productivity. For Campylobacter-
associated gbS, productivity losses are equal to lifetime earnings forgone due to disability for patients who 
cannot return to work. For congenital toxoplasmosis, we were able to develop disease outcome trees with full 
descriptions of the associated chronic health states.  However, we were unable either to compute the cost 
of illness for these states or find estimates in the published scientific literature. Thus, our cost of illness esti-
mates for Toxoplasma gondii are more conservative, relative to other pathogens, than our QAly estimates. 
Federal government analysis of the impacts of major government actions designed to reduce risk of death 
use a measure of public willingness to pay for these risk reductions as a measure of program benefits. This 
measure has conventionally been called the “value of a statistical life” (vSl), though EPA is considering 
changing its name to “value of mortality risk”. Empirical estimates of vSl are based either on observing the 
amount people spend in their private lives to reduce mortality risk or on surveys of the public. Implicitly, the 
measure captures all motivations that individuals have for protecting life, including avoiding pain and suffer-
ing, dread and other non-financial impacts associated with death. We use a vSl of $7.9 million, in 2009 dol-
lars, to value premature mortality due to acute infection, in adults and children. This value is used by EPA and 
FDA, and is based on an extensive meta-analysis of available economic studies (viscusi 1993, EPA 2010). 
We use this same value for perinatal mortality (including stillbirths), and unlike ERS, we do not adjust for sub-
sequent “replacement” pregnancies.
EsTiMaTEs OF QalY lOss
QAly loss is estimated in much the same way as cost of illness in the sense that we compute it for each 
state in the disease outcome tree, multiply by the number of cases, and sum to obtain total QAly loss for the 
pathogen.
QAlys are but one class of a broader group of Health-Adjusted life years (HAlys), which also includes 
Disability Adjusted life years (DAlys). All of these measures represent health-related quality of life (HRQl) 
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as a so-called “preference weight” on a scale of 0 to 1, with 0 for death and 1 for perfect health.5 Estimates 
of HAly loss simply multiply this preference weight by the duration of those symptoms (as measured in 
years), and subtract it from either perfect health or average “baseline” population health without that symp-
tom. nAS recently recommended using QAlys based on the EuroQol 5D (EQ-5D) in federal policy analysis 
(Iom 2006). The argument made by Iom, and others, is that QAlys should be used in this context because 
these decisions should be based on the preferences and values of the population in question. For this rea-
son, we adopt its use in this study.
The EQ-5D has five domains – mobility, ability for self-care, performance of usual activities, pain and discom-
fort, and anxiety and depression. Population-based preference weights for all 243 (3^5) possible domain 
combinations measured by the EQ-5D are computed by surveying a large, representative sample of the pop-
ulation in question; a statistical model is fit to survey results to estimate preference weights. In this survey, 
individuals are asked to score their health along these five domains on a three point scale (e.g., 0 being “I am 
confined to bed” and 1 being “I have no problems in walking about”) (see box 2-1). Respondents are also 
asked to score their health on a scale from 0 to 1; this allows a statistical association to be made between 
their domain scores for their current health condition and their 0-to-1 health score. based on one such sur-
vey, population-based preference weights have been computed by Shaw et al. (2005) and used to develop 
population-based baseline weights by age and gender (Hanmer et al. 2006).
For our analysis, we develop detailed descriptions of the symptoms and severities of each health state. These 
were then scored against the five EQ-5D domains (see box 2-1). These scorings were reviewed by medical 
clinicians experienced with foodborne disease. Results from Shaw et al. (2005) were then used to convert 
domain scores for each health outcome to a QAly score (or “preference weight”) from 0 to 1 that is valid for 
the U.S. population. This is then subtracted from the QAly score for average health in the U.S. population 
to obtain a QAly loss score for that state. This loss score is then multiplied by the duration of time spent in 
that state to obtain QAly loss for the health outcome. For example, for mild gastroenteritis, patients were as-
sumed to have no problems walking about, no problems with self-care, no problems performing usual activi-
ties, and to have moderate pain or discomfort, but are not anxious or depressed. The resulting domain score 
(0, 0, 0, 1, 0) was then converted to a QAly score (or “preference weight”) of 0.827. Assuming a duration of 
three days (3/365 in years) and an average population baseline health of 0.8810, each case of mild gastro-
enteritis results in 0.0004438 QAlys lost.
5  Increasingly, negative values are included on this scale to accommodate health states that people feel are “worse than death.”
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box 2-1: eQ-5d domain QuesTions
Mobility
I have no problems in walking about  ❏ 
I have some problems in walking about  ❏ 
I am confined to bed  ❏ 
Self-Care
I have no problems with self-care  ❏ 
I have some problems washing or dressing myself  ❏ 
I am unable to wash or dress myself  ❏ 
Usual Activities (e.g. work, study, housework, family or leisure activities)
I have no problems with performing my usual activities ❏
I have some problems with performing my usual activities  ❏ 
I am unable to perform my usual activities  ❏ 
Pain/Discomfort
I have no pain or discomfort  ❏ 
I have moderate pain or discomfort  ❏ 
I have extreme pain or discomfort  ❏ 
Anxiety/Depression
I am not anxious or depressed ❏ 
I am moderately anxious or depressed ❏ 
I am extremely anxious or depressed  ❏ 
30 Ranking the Risks: The 10 Pathogen-Food Combinations with the Greatest Burden on Public Health 
aTTRibuTing DisEasE OuTCOMEs TO FOODs
For each pathogen, we estimate the proportion of foodborne illness caused by that pathogen that is asso-
ciated with consumption of a particular food. The proportions sum to 100 percent across all foods. These 
estimates attribute burden of illness to one of 12 broad categories of foods. We use two sources of attribu-
tion estimates: percentages derived from analysis of cDc outbreak data and percentages derived from a 
structured expert elicitation survey designed and administered specifically for our model. These two methods 
use the same food categorizations and are otherwise designed to provide comparable attribution estimates. 
As explained below our default is to use outbreak attribution estimates, but where there is strong evidence 
that these are not representative of food attribution for total foodborne disease incidence, we use attribution 
estimates from our expert elicitation study. 
FOOD CaTEgORizaTiOn
The first task in food attribution is to determine how to categorize foods. This task is more complex than it 
may appear at first. Food categorization schemes are unavoidably purpose specific. For example, food cate-
gorizations used to analyze food marketing patterns are likely not useful in analyzing nutrition and those useful 
in studying nutrition may not be useful in studying food risk. Even in studying food risk, categorizations tend 
to be purpose driven, for example, poultry could be split by species (chicken vs. turkey), by type of process-
ing (ground vs. intact, raw vs. ready-to-eat deli meat, fresh vs. frozen), by origin (domestic vs. imported), and 
so forth. FDA, FSIS, and cDc are developing their own categorizations under the auspices of the recently 
formed Interagency Food Safety Analytics collaboration (IFSAc) (morgan 2011). The purpose of our analy-
sis is to provide a global picture of the distribution of risk of foodborne illness in the food supply and to do 
so in a way that is both intuitively clear to consumers and useful to food safety regulators and managers. As 
a result, we partition the universe of foods into a relatively small number of basic food categories that can be 
further partitioned on the basis of type of food, processing or source as needed in managing food safety.
We attribute foodborne illness to foods at the point of consumption. We do this for two reasons. First, be-
cause we are trying to attribute disease surveillance data, the closest link between these observed illnesses 
and food is the point of consumption. This is equivalent to analysis conventionally done in toxicology looking 
at the association between disease and exposure to chemical toxins rather than to their manufacturing plant. 
other categorizations are possible and useful for specific purposes, such as attribution to the source of con-
tamination as a means of focusing specific enforcement actions. Second, because microbial hazards can 
grow as well as be controlled throughout the production, processing, marketing, preparation and consump-
tion process, it remains fundamentally important to food safety management to understand attribution to food 
at the end of the farm to fork chain.
Food categorization is also driven by data availability. The most comprehensive primary data source available 
in the U.S. that can be used for food attribution of foodborne illness is cDc’s outbreak surveillance data. 
numerous categorization schemes have been used to analyze outbreak data for food attribution patterns, in-
cluding those developed by the Uk Health Protection Agency centre for Infections (HPA) (Adak et al. 2002), 
by cDc (Painter et al. 2009), and by the center for Science in the Public Interest (cSPI) (2009).
our categorization differs from the commodity-oriented scheme developed by cDc (Painter et al. 2009) and 
is instead based on the consumer-oriented scheme developed by cSPI. For example, in Painter’s scheme, 
chicken deli meat is categorized as chicken, whereas we categorize it as deli meat. likewise, we have a baked 
goods category, whereas Painter would attribute to grains and other ingredients. We also do this because food 
processing and preparation can create risks that are distinct from those associated with the basic commodity. 
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For example, Listeria monocytogenes is frequently associated with ready-to-eat deli meats but not raw meats, 
whether the type of meat is chicken, beef, pork or turkey. our scheme also includes a “complex foods” category 
to handle outbreaks associated with dishes that are not primarily meat-based, that are comprised of multiple 
types of ingredients, and in which the specific contaminated ingredient was not identified.
our two-tier food categorization scheme is presented in Table 2-2. For this analysis we use only the 12 broad 
food categories. We present food sub-categories to provide a clearer picture of the foods included in each 
category. We found outbreak data too sparse for meaningful interpretation at the sub-category level.
Table 2-2:  Food CaTegories used in risk ranking analysis
food food sub-CategoRY food food sub-CategoRY
Beef
Ground Beef
Seafood
Finfish
Other Beef (Intact) Shellfish
Beef Dishes Other Seafood
Deli/Other Meats
Deli Meats Seafood Dishes
Other Meats
Produce
Fruits
Other Meat Dishes Vegetables
Pork
Ham Produce Dishes
Other Pork
Beverages
Juices
Pork Dishes Other Beverages
Poultry
Chicken
Baked goods
Breads
Turkey Bakery
Other Poultry Other baked goods and cereals
Poultry Dishes
Complex foods  
(Non-meat multi-
ingredient dishes)
Salads
Game Game
Rice/Beans/Stuffing/ 
Pasta Dishes
Eggs
Eggs Sandwiches
Egg Dishes Sauces/Dressings/Oils
Dairy Products
Milk Other dishes
Cheese
Ice Cream
Other Dairy Dishes
OuTbREak aTTRibuTiOn
Although reported outbreaks represent a small portion of overall illness, they are useful for attribution pur-
poses because they are comprised of actual illnesses where an explicit linkage is often reported between 
pathogen and food vehicle (greig and Ravel 2009). like outbreak-based attribution efforts by cSPI (2009), 
cDc (Painter et al. 2009) and public health agencies in the United kingdom (Adak et al. 2002), our ap-
proach involves three steps. First, outbreak data is aggregated over some a defined time period. Second, 
individual outbreaks are assigned to food categories and sub-categories based on the food vehicle identified 
in the outbreak investigation. Finally, for each pathogen, outbreaks or outbreak cases that fall into each food 
category are counted and divided by the total number of cases or outbreaks to obtain proportional attribution 
to the food category.
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We created a database of outbreak line listings from cDc outbreak data from 1998 through 2008, the most 
recent year available. While we would have preferred to confine analysis to only recent years, there are not 
enough outbreaks with complete data to restrict analysis to a shorter time window. The resulting database 
includes nearly 6,200 outbreaks, representing over 180,000 individual cases of foodborne illness. About 
half of this data had to be dropped from our analysis because no food vehicle was identified in the outbreak 
investigation. Another 650 outbreaks (24,000 cases) involved multiple suspected dishes (distinct from single 
dishes with multiple ingredients); these “multi-source” outbreaks were dropped from the analysis. We were 
left with over 2,800 foodborne outbreaks (87,000 cases) for which both a pathogen and a food vehicle were 
identified. Table 2-3 shows the number of foodborne outbreaks associated with each pathogen-food pair, by 
outbreak data.
For the purpose of food attribution, use of outbreak data has limitations. outbreaks, by definition, reflect 
unusual occurrences and/or breakdowns in standard prevention approaches. As such, they may not be rep-
resentative of “normal” transmission patterns for specific pathogens. The intensity with which an outbreak is 
investigated may be dependent on its size or the presence of some unusual feature: i.e., an outbreak involving 
100 persons, particularly if it involves an unusual vehicle, is more likely to be investigated than one involv-
ing three persons in which a “usual ” vehicle is suspected. The completeness of investigations is also highly 
dependent on the interest (and time availability) of local health department investigators and the diagnostic 
capabilities of the local laboratories. 
In using outbreak data to estimate food attribution, it is critical to remember that the purpose is to apply these 
percentages to overall estimates of illness. The vast majority of foodborne illnesses are independent, spo-
radic cases unassociated with identified outbreaks. The 180,000 outbreak cases in our outbreak attribution 
dataset, summed over 11 years, correspond to an estimated incidence of 8.9 million cases of illness (see 
Table 2-1) for the same pathogens, which suggests there are over 500 foodborne illnesses for every reported 
outbreak case. The larger an outbreak, the more likely it is to represent a major failure in food safety systems 
and the more likely it is to have been noticed and fully investigated, and the more likely the vehicle is to be 
identified. correspondingly, the less likely such an outbreak is representative of the normal pattern of dis-
ease. Smaller outbreaks arguably better represent the majority of foodborne illness, though large outbreaks 
should be included. our approach is to treat them as equally important: we compute attributable percent-
ages based on the number of outbreak events, rather than the number of outbreak cases. Doing the latter 
results in attributable proportions skewed heavily by large and unusual outbreaks. Data tables for outbreak 
events and case counts are provided in Appendix b. Sensitivity analysis on outbreak attribution assumptions 
are reported in chapter 3.
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Table 2-3: PerCenT oF ouTbreaks aTTribuTable To Food CaTegories 1998-2008 
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Beef 5.4 32.6 0.0 0.0 52.9 40.0 0.0 4.1 6.4 12.2 0.0 0.0
Beverages 0.0 0.0 50.0 0.0 1.9 13.3 0.0 2.1 1.0 0.0 0.0 0.0
Bread and baked goods 0.0 0.0 0.0 0.0 0.6 0.0 0.0 7.8 3.5 0.0 0.0 0.0
Dairy products 48.8 0.5 0.0 0.0 6.5 20.0 28.6 2.2 6.0 2.0 0.0 0.0
Eggs 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.6 11.2 0.0 0.0 0.0
Game 1.6 0.3 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0
Deli/Other Meats 1.6 2.8 0.0 0.0 3.9 0.0 23.8 1.9 2.8 4.1 0.0 16.7
Complex foods 10.9 24.2 50.0 21.4 14.8 6.7 14.3 45.7 19.0 44.9 0.0 0.0
Pork 2.3 8.7 0.0 0.0 0.0 0.0 4.8 2.9 6.4 0.0 0.0 83.3
Poultry 19.4 26.7 0.0 0.0 0.6 6.7 19.0 8.0 22.1 12.2 1.3 0.0
Produce 6.2 3.3 0.0 78.6 18.1 13.3 4.8 15.5 16.6 16.3 0.0 0.0
Seafood 3.9 1.0 0.0 0.0 0.6 0.0 4.8 9.2 5.1 8.2 98.7 0.0
   totaL 100 100 100 100 100 100 100 100 100 100 100 100
Number of outbreaks 211 587 17 24 258 39 26 3449 1288 128 79 9
Number of attributable 
outbreaks
129 393 4 14 155 15 21 1153 688 49 76 6
notes: Attributable outbreaks exclude “unattributable” and “multi-source” outbreaks. There were zero outbreaks reported  
due to Toxoplasma gondii.
ExPERT EliCiTaTiOn
To provide additional information on the representativeness of outbreak attribution by pathogen, and to pro-
vide estimates for pathogens for which outbreak data are insufficient, we conducted an expert elicitation of 
scientists and experts in food safety and public health (Hoffmann et al. 2007, 2008). Past research on expert 
elicitation approaches suggested that expert judgment would provide a reasonably reliable basis for attribu-
tion estimation (morgan and Henrion 1990, cooke and Shrader-Frechette 1991). 
Expert judgment, collected in a rigorous, structured manner, is increasingly used to fill data gaps in many 
types of policy models, particularly as the methodologies for capturing uncertainty and validating expertise 
have matured. Expert elicitation can be used to implicitly or explicitly integrate contradictory or complicated 
data, and provides a means for providing quantitative values when empirical data are not available. It also 
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provides an additional means of evaluating uncertainty where data is incomplete. Data collected from our expert 
elicitation provided additional information on the representativeness of food attribution estimates based on out-
break data. In this report we use expert elicitation estimates to supplement attribution estimates where outbreak 
data was unavailable or insufficient, namely Campylobacter spp., Toxoplasma gondii, Cryptosporidium parvum 
and Yersinia enterocolitica.
An expert elicitation instrument on food attribution of foodborne illness developed, pretested and adminis-
tered in 2003 (Hoffmann et al. 2007b). our expert panel was identified through an iterative process of peer 
nomination and review among leading food safety scientists, public health officials and policy experts. Sixty 
two of 89 experts contacted about the study agreed to participate; 45 of these returned completed instru-
ments. Respondents included 24 in federal and state government, 14 from academia, three from industry 
and three with other professional affiliations. Regression analysis found no systematic association between 
attribution judgments and professional affiliation, highest degree, discipline of highest degree, years of 
professional experience or self rating of expertise on individual pathogens or foods. The elicitation protocol 
included 11 pathogens (Campylobacter, Cryptosporidium, Cyclospora, E. coli o157:H7, Listeria monocy-
togenes, norovirus, Salmonella, Shigella, Toxoplasma, Vibrio and Yersinia) and used the food categorization 
presented in this report. For each pathogen, participants provided their best estimates of the proportion of 
foodborne illness caused by that pathogen that was associated with consumption of each food in a typical 
year. They also gave low and high estimates for their judgments (90 percent credible intervals). In the inter-
vening years, we have published a number of papers on various aspects of the elicitation, including how it 
relates to analysis of outbreak (Hoffmann et al. 2007a, 2007b, 2008). In this analysis, we use only the aver-
age of experts best estimates for attributable fractions, as shown in Table 2-4.
Table 2-4:  PerCenT oF illnesses aTTribuTable To Food CaTegories based on exPerT    
judgmenT, mean oF besT esTimaTes 
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Beef 4.4 7.4 0.0 67.9 1.6 1.4 10.9 3.1 23.2 0.2 2.2
Beverages 0.0 9.0 1.5 3.2 0.2 4.5 1.7 4.7 0.0 0.8 1.1
Bread & baked goods 0.0 0.3 0.3 0.0 0.2 5.8 0.3 1.9 0.0 0.0 0.0
Dairy products 7.8 5.8 0.4 4.0 23.6 2.9 7.3 3.4 2.4 0.0 12.2
Eggs 2.6 0.3 0.0 0.0 0.3 1.1 21.8 0.9 0.0 0.0 0.1
Game 2.0 5.4 1.3 3.2 0.3 0.6 1.6 0.8 20.4 0.0 2.0
Deli/Other meats 0.9 1.4 0.1 1.8 54.0 9.4 1.9 9.4 1.7 0.2 1.8
Pork 4.4 2.0 0.0 0.6 1.3 1.4 5.7 3.1 41.0 0.2 71.6
Poultry 72.0 1.2 0.0 0.9 2.7 1.5 35.1 4.9 3.7 0.2 1.2
Produce 5.2 59.5 96.1 18.4 8.7 37.3 11.7 60.0 7.0 1.4 3.2
Seafood 0.8 7.7 0.4 0.1 7.2 34.1 2.0 7.8 0.5 97.1 4.7
totaL 100 100 100 100 100 100 100 100 100 100 100
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COMbinED aTTRibuTiOn
In this analysis, we rely on both outbreak and expert attribution. outbreak data is the only comprehensive 
source of comparable data from which attributable fractions of foodborne illness can be estimated in the U.S. 
The other published source of comparable attribution estimates that span the food supply in the U.S. is our 
expert elicitation study. Each source has strengths and weaknesses. They are comparable, but cannot be com-
bined. This is because expert elicitation studies are a type of meta-analysis that explicitly or implicitly take avail-
able data and scientific studies, such as outbreak attribution estimates, into account. As a result, to average or 
otherwise combine outbreak and expert attribution data would be to “double-count” the outbreak estimates.
All else equal, it would be preferable to use primary data, 
such as the cDc outbreak data, to estimate attribution. 
but food attribution based on outbreak data may not 
always be representative of the association between 
food consumption and foodborne illness for total dis-
ease incidence (batz et al. 2005). outbreak cases 
represent a small portion of overall foodborne 
illnesses and the risk factors in outbreaks may dif-
fer from those in sporadic illness. case-control 
studies provide additional evidence that for 
some pathogens outbreak data misrepresents 
food attribution (Friedman et al. 2004). on the 
other hand, uncertainty analysis of responses to 
our expert elicitation indicate that experts believe – 
based on the scientific literature and professional 
experience – that for many, but not all, pathogens 
outbreak data does provide a good representation 
of food attribution (Hoffmann et al. 2007b). Furthermore, 
while the outbreak data used in this analysis is from 1998-2008, 
the expert elicitation was conducted in 2003, and did not include 
non-o157 STEc or Clostridium perfringens.
For this analysis we use a default assumption that outbreak data is representative of food attribution for food-
borne illness in the U.S. We then look for evidence to refute this assumption. our choice of attribution esti-
mate source is made on the totality of this evidence.
Primary data analysis provides some indication of how representative outbreak attribution estimates can be. 
There are pathogens for which there are simply too few outbreaks with identified vehicles to estimate at-
tribution. From 1998-2008, there were no outbreaks of Toxoplasma gondii, only four outbreaks associated 
with Cryptosporidium parvum and seven with Yersinia enterocolitica for which the food vehicle was identi-
fied (Table 2-3). on the other hand, over this same time period, over 1,500 norovirus outbreaks, over 800 
Salmonella outbreaks and over 500 C. perfringens outbreaks had identified food vehicles. Another indication 
of the completeness of outbreak data is the ratio of cDc’s estimated annual incidence to the average annual 
number of outbreak cases in the attribution data, as shown in Table 2-5. This ratio is lowest for Listeria m. 
(44:1), Cyclospora cayetanensis. (95:1) and E. coli o157:H7 (130:1), and highest for Yersinia enterocolitica 
(12,000:1), Campylobacter (1,700:1) and Cryptosporidium parvum (1,000:1). by this measure, outbreak data 
is less representative of overall Campylobacter-associated cases than for any other pathogen but Yersinia.
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Table 2-5: ComParison oF annual inCidenCe esTimaTes To rePorTed ouTbreak Cases
numbeR of 
foodboRne 
iLLnesses 
(annuaL)
totaL numbeR 
of RePoRted 
outbReaks 
(1998-2008)
totaL numbeR of 
outbReak Cases 
(1998-2008)
aveRage annuaL 
outbReak Cases
Ratio of oveRaLL 
iLLnesses to 
outbReak Cases*
Campylobacter 845,024 211 5,460 496 1,702
C. perfringens 965,958 587 21,446 1,950 495
Cryptosporidium 57,616 17 588 53 1,078
Cyclospora 11,407 24 1,323 120 95
E. coli 0157:H7 63,153 258 5,342 486 130
E. coli STEC non-O157 112,752 39 1,554 141 798
Listeria monocytogenes 1,591 26 395 36 44
Norovirus 5,461,731 3,449 101,529 9,230 592
Salmonella 1,027,561 1,288 37,514 3,410 301
Shigella 131,254 128 6,406 582 225
Toxoplasma 86,976 0 0 0 0
Vibrio 52,324 79 1,217 111 473
Yersinia 97,656 9 91 8 11,805
notes: Annual foodborne illnesses from Scallan et al. (2011a). Vibrio includes V. vulnificus, V. parahaemolyticus and other non-chol-
eric Vibrio species. numbers are rounded. 
*Ratio is computed by dividing the first column – the number of annual cases of foodborne illness – by the fourth column – the aver-
age annual number of outbreak cases based on 11 years of data. Thus, for Campylobacter, 5460/211=496 and 845,024/496=1702 
(rounded).
Prior scientific research also provides evidence on the representativeness of outbreak food attribution esti-
mates. based on four statistical measures of comparison between expert attribution estimates and outbreak 
attribution estimates for a comparable time period, results from the expert elicitation study strongly indicate 
that food safety experts do not believe outbreak estimates for Campylobacter, Cryptosporidium, Toxoplasma, 
and Yersinia were representative of food attribution for total disease incidence in a typical year (Hoffmann et 
al. 2007b). For other pathogens, particularly Vibrio spp. and Cyclospora, experts strongly agreed that out-
break data was representative. The expert elicitation results also suggest some disagreement with outbreak 
data for Salmonella and Shigella. For example, experts were in agreement that poultry played a greater role 
and eggs a smaller role in causing salmonellosis than indicated by outbreak data. They also saw seafood 
playing less of a role in foodborne disease caused by Shigella than indicated by outbreak estimates.
The design of case control studies permits them to provide very solid empirical evidence on food attribution. 
Existing studies do not provide comparable data across pathogens and use risk categories that are not ame-
nable to our food categories, but they do provide evidence on the representativeness of outbreak attribution 
estimates. For example, the Foodnet case-control study on Campylobacter found the top three foodborne 
hazards to be chicken prepared by a restaurant, non-poultry meat prepared by a restaurant, and turkey pre-
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pared by a restaurant (Friedman et al. 2004). nearly 50 percent of Campylobacter outbreaks are associated 
with dairy products, however, followed by poultry (20 percent), complex foods (11 percent) and produce (6 
percent). by comparison, experts attribute over 70 percent of Campylobacter illnesses to poultry.
based on the totality of the available evidence, the case against using attribution estimates from outbreak 
data is strongest for Toxoplasma gondii, Yersinia enterocolitica, Cryptosporidium parvum and Campylobacter 
spp. For these pathogens we use attribution estimates from our 2003 expert elicitation study. For all others, 
we use attribution estimates based on outbreak data from 1998-2008. Table 2-6 presents the attribution per-
centages used to compute rankings.
Table 2-6: PerCenTage oF illnesses aTTribuTable To Food CaTegories, based on exPerT and 
ouTbreak daTa, as used For risk ranking
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Data Source* Exp Out Exp Out Out Out Out Out Out Out Exp Out Exp
Beef 4.4 32.6 7.4 0.0 52.9 40.0 0.0 4.1 6.4 12.2 23.2 0.0 2.2
Beverages 0.0 0.0 9.0 0.0 1.9 13.3 0.0 2.1 1.0 0.0 0.0 0.0 1.1
Bread & baked goods 0.0 0.0 0.3 0.0 0.6 0.0 0.0 7.8 3.5 0.0 0.0 0.0 0.0
Dairy 7.8 0.5 5.8 0.0 6.5 20.0 27.3 2.2 6.0 2.0 2.4 0.0 12.2
Eggs 2.6 0.0 0.3 0.0 0.0 0.0 0.0 0.6 11.2 0.0 0.0 0.0 0.1
Game 2.0 0.3 5.4 0.0 0.0 0.0 0.0 0.1 0.0 0.0 20.4 0.0 2.0
Deli/other meats 0.9 2.8 1.4 0.0 3.9 0.0 40.9 2.3 3.3 4.1 1.7 0.0 1.8
Complex foods 0.0 24.2 0.0 21.4 14.8 6.7 13.6 45.7 19.0 44.9 0.0 0.0 0.0
Pork 4.4 8.7 2.0 0.0 0.0 0.0 4.5 2.9 6.4 0.0 41.0 0.0 71.6
Poultry 72.0 26.7 1.2 0.0 0.6 6.7 4.5 7.7 21.5 12.2 3.7 1.3 1.2
Produce 5.2 3.3 59.5 78.6 18.1 13.3 4.5 15.5 16.6 16.3 7.0 0.0 3.2
Seafood 0.8 1.0 7.7 0.0 0.6 0.0 4.5 9.2 5.1 8.2 0.5 98.7 4.7
totaL 100 100 100 100 100 100 100 100 100 100 100 100 100
* Exp = Expert, out = outbreak
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CHaPTer 3: resUlTs
In this chapter we rank pathogens, pathogen-food combinations and foods based on each of the measures 
of health burden described in chapter 2. These rankings reveal new information about the relative burden 
of foodborne illness in the United States. Some of these results have obvious implications for policymakers, 
while others point to a need for additional research.
PaTHOgEn Rankings
We estimate that these 14 foodborne pathogens cause $14.1 billion in cost of illness, or over 61,000 QAlys 
lost per year. Table 3-1 presents the public health impact of all 14 foodborne pathogens, according to five 
measures of disease burden: annual QAly loss, cost of illness, number of illnesses, hospitalizations and 
deaths and a combined measure (the average of the QAly and cost of illness rankings).
Table 3-1: annual burden oF disease Caused by FourTeen Foodborne PaThogens, sorTed by 
share oF overall PubliC healTh imPaCTs (rank in ParenTheses)
Pathogen Combined Rank* QaLY Loss
Cost of 
iLLness 
($ miL.)
iLLnesses hosPitaL-
izations
deaths
Salmonella spp. 1 16,782 (1) 3,309 (1) 1,027,561 (2) 19,336 (1) 378 (1)
Toxoplasma gondii 2 10,964 (3) 2,973 (2) 86,686 4,428 (4) 327 (2)
Listeria monocytogenes 3 9,651 (4) 2,655 (3) 1,591 1,455 255 (3)
Campylobacter spp. 3 13,256 (2) 1,747 (5) 845,024 (4) 8,463 (3) 76 (5)
Norovirus 5 5,023 (5) 2,002 (4) 5,461,731 (1) 14,663 (2) 149 (4)
E. coli 0157:H7 6 1,565 272 63,153 2,138 (5) 20
Clostridium perfringens 6 875 309 965,958 (3) 438 26
Yersinia enterocolitica 8 1,415 252 97,656 533 29
Vibrio vulnificus 8 557 291 96 93 36
Shigella spp. 10 545 121 131,254 (5) 1,456 10
Vibrio other+ 11 149 107 52,228 183 12
Cryptosporidium parvum 12 341 47 57,616 210 4.
E. coli STEC non-O157 13 327 26 112,752 271 0.
Cyclospora cayetanensis 14 10 2 11,407 11 0.
totaL 63,375 14,120 8,914,713 53,678 1,322
* combined rank is average of QAly loss rank and coI rank. 
+ includes Vibrio parahaemolyticus and other non-choleric Vibrio species
The top five pathogens stand out dramatically, reflecting 90 percent of overall QAly loss and 91 percent of the 
costs of illness across all 14 pathogens. Salmonella ranks first in both QAlys and cost of illness. It is estimated 
to contribute 27 percent of total QAly loss over all 14 pathogens and 23 percent of the total costs of illness. 
Toxoplasma gondii ranks 2nd overall, contributing 18 percent of total QAly loss and 21 percent of cost of ill-
ness. Listeria monocytogenes and Campylobacter tie for third based on the average of QAly loss and cost 
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of illness rankings. The difference in the rankings for these pathogens based on QAly and cost of illness illus-
trates differences in the aspects of disease burden captured by each measure.
Campylobacter accounts for 22 percent of total QAly loss across the 14 pathogens but only 12 percent 
of total cost of illness. This reflects the fact that mortality dominates the cost of illness measure, and QAly 
loss is more sensitive to the impacts of gbS. only 0.23 percent of foodborne Campylobacter cases are es-
timated to be subsequently hospitalized with gbS, but of these 1,900 cases, some result in death and many 
more result in chronic lifelong conditions such as partial paralysis, continued pain, muscle weakness, sensory 
abnormalities and fatigue.
This analysis shows that each of the summary health outcome measures (illnesses, hospitalizations and 
deaths) and integrated health burden measures (QAly loss and cost of illness) provides somewhat different 
information on the impact of disease. looking at the rankings of pathogens across these five measures and 
the combined ranking measure, some of these measures are highly correlated (Table 3-2). Rankings by cost 
of illness are very highly correlated to rankings by deaths; rankings by QAly loss have a comparatively higher 
correlation to hospitalization rankings. Rankings of pathogens by QAly loss and cost of illness are highly 
correlated.
Table 3-2:  rank CorrelaTion beTWeen ranking oF burden oF disease Caused by   
FourTeen Foodborne PaThogens, by alTernaTive PubliC healTh imPaCT measure
Combined 
Rank
Rank bY 
QaLY Loss
Rank bY Cost 
of iLLness 
Rank bY 
iLLnesses
Rank bY 
hosPitaL-
izations
Rank bY 
deaths
Combined Rank 1
QALY loss .98 1
Cost of Illness .98 .95 1
Illnesses .41 .48 .36 1
Hospitalizations .82 .85 .76 .71 1
Deaths .95 .90 .97 .26 .70 1  .
Figure 3-1 illustrates the agreement and differences between estimates of QAly loss and cost of ill-
ness across pathogens. As with Table 3-1, it is ordered by the combined QAly/$ rank. It shows that for 
some pathogens, cost of illness is higher, while for others QAly loss is higher. The biggest disparity is 
for Campylobacter, where QAly loss is very high, but cost of illness isn’t. This is driven by impacts due to 
Campylobacter-associated gbS, a very painful and often permanent neurological disorder that results in 
severely diminished health-related quality of life; cost estimates of chronic gbS states include only medical 
costs and productivity losses (wages) and essentially ignore pain and suffering. The figure also illustrates the 
steep drop between the top five pathogens and the remaining nine.
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Figure 3-1:  ranked Foodborne PaThogens, based on esTimaTes oF Qaly  
loss and CosT oF illness
Cyclospora cayetanensis
E.coli STEC non-O157
Vibrio other
Cryptosporidium parvum
Shigella spp.
Vibrio vulnificus
Yersinia enterilotica
Clostridium perfringens
E.coli 0157:H7
Norovirus
Listeria monocytogenes
Campylobacter spp.
Toxoplasma gondii
Salmonella spp.
0 2,000 4,000 6,000 8,000 10,000 12,000 14,000 16,000 18,000 20,000
QALY Loss
Cost of Illness
ANNUAL QALY LOSS
COST OF ILLNESS (BILLIONS)
0 $0.5 $1.0 $1.5 $2.0 $2.5 $3.0 $3.5 $4.0 $4.5 $5.0
THE TOP 10 PaTHOgEn-FOOD COMbinaTiOns
Table 3-3 and Figure 3-2, show the top 10 pathogen-food based on the average of their QAly and cost of 
illness rankings. The top 50 are shown in Appendix A.
A few key broad findings stand out. First, a relatively small number of pathogen-food combinations account 
for most of the public health burden from foodborne illness caused by these 14 pathogens. The top 10 path-
ogen-food combinations are responsible for almost 60 percent of the cost of illness and of the QAly loss 
associated with these 14 pathogens. The top 50 pathogen-food combinations account for over 90 percent 
of the impacts due to each of the five measures. Second, only five of the 14 pathogens are found in the top 
10 pathogen-food combinations. Third, the set of the top 10 combinations are the same whether ranked by 
QAly loss or cost of illness, though rankings do differ slightly. Rankings by cost of illness and QAly loss dif-
fer from those by summary measures, though rankings by death are most correlated with combined rank.
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Table 3-3:  The ToP 10 PaThogen-Food CombinaTions, ordered by Combined rank  
  (rankings by eaCh measure shoWn in ParenTheses)
Pathogen-food Combinations QaLY Loss
Cost of 
iLLness  
($ miL.) 
iLLnesses hosPitaL-
izations
deaths
1 Campylobacter – Poultry     9,541 (1)  1,257 (1) 608,231 (3)  6,091 (2) 55 (9) 
2 Toxoplasma – Pork       4,495 (2) 1,219 (2)  35,537 (32) 1,815 (8) 134 (1) 
3 Listeria - Deli Meats       3,948 (3) 1,086 (3)  651 (84) 595 (23) 104 (2) 
4 Salmonella – Poultry       3,610 (4) 712 (6)  221,045 (11) 4,159 (3) 81 (3) 
5 Listeria - Dairy products       2,632 (7) 724 (5)  434 (87) 397 (26) 70 (6) 
6 Salmonella - Complex foods       3,195 (5) 630 (8) 195,655 (12) 3,682 (4) 72 (5) 
Norovirus - Complex foods       2,294 (9) 914 (4) 2,494,222 (1) 6,696 (1) 68 (7) 
8 Salmonella – Produce       2,781 (6) 548 (9) 170,264 (13)  3,204 (5) 63 (8) 
Toxoplasma – Beef       2,541 (8) 689 (7) 20,086 (43)  1,026 (16) 76 (4) 
10 Salmonella – Eggs       1,878 (10) 370 (10) 115,003 (17) 2,164 (7) 42 (10) 
totaL       36,915           8,151 3,861,128 29,830 765
Figure 3-2: The ToP 10 PaThogen Food-CombinaTions as measured by annual CosT oF illness 
and by Qaly loss, by Combined rank
0 2,000 4,000 6,000 8,000 10,000
Salmonella - Eggs
Toxoplasma - Beef
Salmonella - Produce
Norovirus - Complex foods
Salmonella - Complex foods
Listeria - Dairy
Salmonella - Poultry
Listeria - Deli Meats
Toxoplasma -Pork
Campylobacter - Poultry
ANNUAL QALY LOSS
0 $0.5 $1.0 $1.5 $2.0 $2.5
COST OF ILLNESS (BILLIONS)
QALY Loss
Cost of Illness
 Ranking the Risks: The 10 Pathogen-Food Combinations with the Greatest Burden on Public Health   43
Campylobacter in poultry is ranked first in both QAlys and dollars, though its dominance in QAly estimates 
is much larger. This ranking hold despite campyolobacter ranking only fourth on average rank as a pathogen 
because Campylobacter associated illness is concentrated in poultry. As shown in Table 2-5, experts at-
tribute 72 percent of Campylobacter to poultry. Foodnet case-control study results generally support this 
attribution finding (Friedman et al. 2004).
Toxoplasma gondii is not a “front page” foodborne pathogen, but it is very important from a public health 
standpoint. cDc estimates that foodborne toxoplasmosis causes 327 deaths annually, second only to 
Salmonella (Scallan et al. 2011a); this high rate of mortality drives its ranking in our cost of illness and QAly 
rankings. It may be underappreciated as a major foodborne pathogen because it is not associated with out-
breaks, and many of its health impacts do not manifest for months or years after infection. Infections tend to 
manifest themselves clinically in subpopulations with increased susceptibility, including pregnant women and 
their unborn infants, and persons who are immunocompromised and/or have AIDS. Although conventionally 
associated with handling of cats and kitty litter, foodborne exposure is now believed to be significant (Dubey 
2000; Dubey and Jones 2008; Dubey 2010). cDc estimates 50 percent of toxoplasmosis is acquired 
through food (Scallan et al. 2011a). The attribution to pork (2nd) and beef (tied for 8th) represents our ex-
perts best judgments, but they were elicited in 2003, prior to the 2009 publication of an important Foodnet 
case-control study that identified eating raw ground beef, eating rare lamb, and eating locally cured, dried, or 
smoked meats as the most important pathways (Jones et al. 2009).
Listeria monocytogenes in deli meat ranks as the third highest pathogen-food pair in disease burden; this 
ranking is driven by a large number of outbreaks due to Listeria monocytogenes in deli meat prior to 2005. 
While there have been significant gains over the last decade in reducing contamination rates of pre-sliced, 
packaged deli meats (USDA 2010), numerous studies have found that retail-sliced deli meats have signifi-
cantly higher prevalence and levels of Listeria monocytogenes (gombas et al. 2003, Endrikat et al. 2010). 
FSIS scientists estimate that risks from retail-sliced deli meats are nearly five times higher than prepackaged 
equivalents, and responsible for 70 percent of the deaths due to the category (Endrikat et al. 2010). Listeria 
in dairy products ranks fifth among pathogen-food combinations. Almost all of this risk is due to soft ripened 
cheeses, with much of it driven by queso fresco. Queso fresco is a traditional fresh cheese, usually made 
with unpasteurized milk, common in mexican cuisine; problems associated with its production, storage, and 
handling have been found associated both to legitimate, regulated companies as well as by unregistered 
home producers (macDonald et al. 2005, voetsch et al. 2007).
Salmonella ranks first among the pathogens in this study based on either cost of illness or QAly loss, 
but that burden is distributed across a wide range of food products. Salmonella appears four times in the 
rankings, with the most significant burden of disease associated with poultry (4th). over 20 percent of the 
burden is attributed to poultry based on outbreak data, though experts estimate this fraction to be over 35 
percent. Salmonellosis due to contaminated produce (tied for 8th) has been recognized by others as a grow-
ing concern (DeWaal et al. 2006; lynch et al. 2009; maki 2009). In an analysis of foodborne outbreaks from 
1998 to 2008, we found that of those due to Salmonella in produce, more than half were associated with to-
matoes, sprouts or cantaloupes. Salmonella in eggs (10th) remains a concern, though risks have significantly 
declined over the last twenty years (braden 2006). 
Salmonella and norovirus are both highly associated with “complex foods” (tied for 6th), a category created 
to capture outbreaks associated with non-meat dishes comprised of multiple ingredients, and for which a 
specific contaminated ingredient could not be identified. The nature of these outbreaks suggests an impor-
tant role for contamination, cross-contamination, and other mistakes during handling, preparation, and cook-
ing. The role of food workers has long been understood as a critical factor in outbreaks (greig et al. 2007), 
and it has been suggested that up to 70% of foodborne illness are acquired outside the home (chapman et 
al. 2010). In our analysis of complex food outbreaks between 1998 and 2008, more than 70 percent of those 
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due to Salmonella and 80 percent of those due to norovirus were prepared in professional kitchens. The im-
portant role of complex foods to the nation’s overall disease burden highlights the importance of food safety 
efforts at the local and state level, as federal agencies have no direct oversight of most of the places in which 
food is prepared or sold to consumers.
FOOD Rankings
Table 3-4 and Figure 3-3 shows rankings of foods by public health impact. Although poultry causes fewer 
illnesses than complex foods and fewer deaths than complex foods or pork, it ranks first in both cost of ill-
ness and QAly loss. This is because it is the leading cause of hospitalizations and due to considerable 
burden due to Campylobacter-associated gbS. Poultry is followed by complex foods and pork. Pork may 
be too highly ranked, as these results are due in part to toxoplasmosis attribution by experts that are among 
the most uncertain in our analysis. one noticeable pattern is that food categories commonly associated with 
numerous pathogens (poultry, pork, produce) rank much higher than those ordinarily associated with few 
pathogens (eggs, seafood). Eggs are particularly noteworthy in this respect, for although Salmonella in eggs 
ranks within the top 10 pathogen-food combinations, eggs are one of the lowest ranking food categories 
overall. This disparity highlights why empirical analysis from multiple perspectives is necessary to understand 
the complex picture that is arguably oversimplified by such products as top 10 lists.
As noted previously, the role of complex foods in the overall burden of foodborne disease is important from 
a management perspective. This result highlights the fact that many foodborne illnesses may be caused by 
mistakes made during handling, storage, and preparation.
Table 3-4:  PubliC healTh imPaCT by Food CaTegory, summed aCross PaThogens, by  
Combined rank
food CategoRY QaLY Loss
Cost of 
iLLness 
($ miL.)
iLLnesses hosPitaL-
izations
deaths
1 Poultry 15,312 2,462 1,538,468 11,952 180
2 Complex foods 8,013 2,079 3,001,858 11,674 189
Pork 8,017 1,894 449,322 4,334 201
4 Produce 6,204 1,405 1,193,970 7,125 134
5 Beef 6,354 1,338 760,799 4,818 131
6 Deli/Other Meats 5,120 1,341 204,293 1,889 129
7 Dairy products 5,390 1,234 297,410 2,933 114
8 Seafood 2,783 922 642,860 2,937 97
9 Game 2,556 651 46,636 1,106 69
10 Eggs 2,252 428 170,123 2,472 45
11 Baked goods 988 273 462,399 1,833 25
12 Beverages 386 94 146,577 606 8
totaL 63,375 14,120 8,914,713 53,678 1,322
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Figure 3-3:  ranked Food CaTegories by aggregaTe PubliC healTh imPaCT due To 14   
Foodborne PaThogens
Beverages
Breads & Bakery
Eggs
Game
Seafood
Dairy Products
Deli/Other Meats
Beef
Produce
Pork
Complex Foods
Poultry
ANNUAL QALY LOSS
0 2,000 4,000 6,000 8,000 10,000 12,000 14,000 16,000
0 $0.5 $1.0 $1.5 $2.0 $2.5 $3.0 $3.5 $4.0
COST OF ILLNESS (BILLIONS)
QALY Loss
Cost of Illness
sEnsiTiviTY analYsEs
We conducted a number of sensitivity analyses to explore the impacts of parameter uncertainties and 
alternative assumptions.
Incidence uncertainties are driven by underreporting factors (e.g. likelihood that a person with diarrhea 
visits the physician) that are difficult to measure but which are similar pathogen to pathogen. Thus, 
while using lower or higher estimates of incidence, drawn from cDc’s published confidence intervals 
(Scallan et al. 2011a), does impact overall estimates of the burden of disease, it does not greatly im-
pact relative rankings of pathogen-food combinations. As shown in Figure 3-4, the set of top 10 patho-
gen-food combinations remains unchanged under low incidence assumptions, with only minor shifting 
of ordinal rankings. Under the high incidence scenario, Listeria in complex foods moves up from 11th 
to tie for 10th place with Salmonella in eggs.
likewise, alternate valuation of premature mortality impacts overall estimates of cost of illness more than 
relative ranking between pathogens. We computed rankings based on two alternative assumptions for the 
vSl, based on the range published in viscusi (1993). Assuming a low vSl of $1.4 million, the total costs 
of illness due to all 14 pathogens drop to $4.4 billion, while assuming a high vSl of $14.2 million results 
in estimates of cost of illness of $23.2 billion. As shown in Figure 3-5, the low vSl results in only one new 
pathogen-food pair in the top 10 (norovirus in produce enters the top-10, while Salmonella in eggs drops to 
number 11), while the high vSl does not change the set of top 10 pathogen-food combinations at all.
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Figure 3-4:  sensiTiviTy oF PaThogen-Food rankings To alTernaTive inCidenCe assumPTions
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Figure 3-5:  sensiTiviTy oF PaThogen-Food rankings To morTaliTy valuaTion assumPTions
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The most significant uncertainties for the purpose of rankings are those surrounding attribution estimates. 
one of the key assumptions in our outbreak attribution estimates is that we compute attributable fractions 
based upon the number of outbreaks in each food category (for each pathogen), rather than the number of 
reported outbreak cases. This was done to avoid bias of very large outbreaks. Assuming outbreak attribu-
tion based upon case counts does impact rankings more than alternative incidence or vSl assumptions, as 
shown in Figure 3-6, though the set of top-10 pathogens remains largely the same (Listeria in complex foods 
enters the top 10 and Salmonella in eggs drops out). These shifts are due to the fact that Listeria and Salmo-
nella attributions are significantly different under case attribution (Toxoplasma and Campylobacter are based 
on expert attribution).
Figure 3-6: sensiTiviTy oF PaThogen-Food rankings To ouTbreak Case aTTribuTion
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CHaPTer 4: findinGs and 
reCommendaTions
From our analysis and results, we draw the following major findings:
1. We estimate the public health burden of 14 foodborne pathogens in the United states to be 
over $14 billion and 60,000 QaLYs per year, with 90 percent of these impacts due to only five 
pathogens: Salmonella, Campylobacter, Listeria, Toxoplasma and norovirus. 
Across all 14 pathogens in all foods, we find about half of the burden is due to only 10 pathogen-food 
combinations, a list which includes a variety of commodities including poultry, pork, produce, beef, dairy 
products and eggs. These 14 pathogens analyzed represent over 95 percent of the annual illnesses and 
hospitalizations, and almost 98 percent of the deaths, estimated by cDc due to the 31 specific food-
borne pathogens estimated by cDc (Scallan et al. 2011a). 
2. Consumption of FDa regulated foods is estimated to cause about half of the overall national 
burden of foodborne disease.
Although attribution data are imperfect, our analysis suggests that poultry, pork and beef cause about 
$5.7 billion or loss of 30,000 QAlys in disease annually, while produce, dairy products, seafood, 
breads, beverages and multi-ingredient complex foods (e.g. non-meat dishes served in restaurants, other 
establishments or homes, as well as processed foods such as peanut butter) cause about $6 billion 
or loss of 24,000 QAlys in disease burden. Deli meats and eggs cause an additional $1.8 billion and 
7,000 QAlys. This can be viewed as a shared USDA/FDA responsibility. Although FSIS regulates deli 
meat manufacture and processing, FDA has federal responsibility for developing model statutes for food 
handling in food service and retail food establishment where contamination also occurs. It’s important to 
note that our estimates take current control efforts in the private and public sectors as given. These esti-
mates do not measure of the efficacy of either FSIS or FDA activities.
The top 10 pathogen-food combinations list flattens a very complicated food system into a simplified 
picture of pathogens in very broad food categories. our food categories reflect “foods as consumed,” 
rather than traditional agricultural commodity categories, because of the important role in food handling 
and preparation as important risk factors. The focus on “foods as consumed” also provides the most 
direct link to data used to estimate disease incidence. but the ability to prevent, or create, foodborne ill-
ness risks occurs throughout the food production, processing, marketing and preparation chain. When 
considering interventions, the full farm to fork spectrum should be taken into account.
3. Four of the top 10 pathogen-food combinations represent significant risks to pregnant 
women and developing fetuses.
listeriosis and toxoplasmosis can both lead to miscarriage, stillbirth and neonatal death, as well as life-
long complications ranging from mild learning disabilities to severe mental disabilities, permanently blurry 
vision, neurological disorders and paralysis. our analysis suggests recent past efforts at reducing these 
risks are insufficient, as four of the top 10 pathogen-food combinations are Listeria monocytogenes in 
deli meats and soft ripened cheese (such as queso fresco made and consumed in latino communities 
from raw milk), and Toxoplasma gondii in raw or undercooked pork and beef.
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greater efforts to further reduce these risks may be warranted. Possible actions include:
The content and efficacy of educational outreach materials could be improved. For example, pregnant •	
women are often told about risks of toxoplasmosis due to cats and kitty litter, but are less often coun-
seled about the risks from foodborne toxoplasmosis (Jones et al. 2010). Research and epidemiological 
data over the past 10 years suggests foodborne toxoplasmosis, due to the handling and consumption 
of raw or undercooked meat, may be a major pathway for exposure.
greater effort could be made to ensure that pregnant women are receiving these messages and un-•	
derstanding and avoiding risks. In a recent national study, fewer than 20% of participating pregnant 
women were aware of Listeria as a risk; of these, less than a third of these understood which foods 
to avoid, and even fewer actually avoid these foods (ogunmodede et al. 2005). likewise, while health 
care providers are effective and trusted sources of information to pregnant women (cates et al. 2004, 
Delgado 2008), too few educate their patients about listeriosis and many are unaware themselves of 
which foods their patients should avoid (Wong et al. 2004, bondarianzadeh et al. 2007, leddy et al. 
2010). 
Rates of listeriosis are higher among Hispanic women, with consumption of mexican-style cheeses a •	
pronounced risk factor (voetsch et al. 2007, Jackson et al. 2010). given the outsized risks associated 
with queso fresco, targeted efforts directed towards this specific commodity and community seem 
warranted. Spanish-language efforts for pregnant latinas should be a focus.
lack of scientific understanding of how •	 Toxoplasma enters the food supply hampers control efforts 
and makes effective risk communication to consumers difficult. FDA and FSIS, along with cDc, 
should increase efforts to characterize toxoplasmosis risks. Such efforts include but are not limited to 
increasing testing of meats and epidemiological studies to further target risky products, behaviors and 
sensitive subpopulations. 
both FDA and FSIS should assess whether the risks to this sensitive subpopulation (and other sensi-•	
tive subpopulations, such as those with AIDS) are sufficient to warrant additional oversight, such as 
labeling of deli meats or Toxoplasma control programs in lamb, mutton, pork, beef or other meats.
4. Salmonella causes more disease than any other foodborne pathogen and according to 
Foodnet surveillance data. it is one of the few foodborne pathogens that has not significantly 
declined over the past 10 years. 
According to cDc estimates, it is the leading pathogen in terms of annual deaths and hospitalizations, 
while our analysis, built on ERS studies, suggests it is the leading pathogen when valued in dollars ($3.3 
billion) or in impacts to health-related quality of life (loss of 17,000 QAlys). our analysis also shows 
that salmonellosis disease burden is associated with a wide variety of foods regulated by both FSIS and 
FDA, including significant burdens associated with poultry, produce and eggs. This suggests that reduc-
tion of the national burden of salmonellosis will require a coordinated effort by both agencies addressing 
a broad array of foods.
We recommend the agencies convene a national cross-agency initiative in collaboration with cDc that 
looks across the entire food system to target opportunities for risk reduction. Such an effort, building 
on some of the successes of the President’s Food Safety Working group, could include work to cre-
ate joint prioritizations built on shared data, collaborative research and joint assessments of risks and 
potential intervention points along the farm to fork spectrum in a variety of key commodities. This work 
could move forward under the auspices of the Interagency Food Safety Analytics collaboration (IFSAc), 
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recently formed by cDc, FDA and FSIS to explore cross-cutting issues such as this. While our analysis 
did not include further subdivision of the species by serotype or other subtyping methods, there are data 
suggesting that different serotypes differ in virulence; any comprehensive Salmonella control program 
should incorporate a more careful analysis of comparative risk based on serotype or other subtyping 
approaches.
Private sector involvement that includes firms of a variety of scales could assist in finding ways in which 
private sector initiatives or joint public/private partnerships could be used to reduce Salmonella risks. 
With increasing concern about the effectiveness of government actions, any initiative should define food-
specific targets for Salmonella and collect requisite data prior to and following any interventions to evalu-
ate how well they are functioning and to reassess if further action is needed.
5. Contaminated poultry has the greatest public health impact among foods. it is responsible 
for an estimated $2.4 billion or loss of 15,000 QaLYs in annual disease burden.
Poultry is the only single food commodity (e.g. other than complex dishes) that appears twice in our top 
10. Its most significant disease burden is caused by contamination with Campylobacter and Salmonella. 
This analysis supports FSIS’s recent increase in the stringency of Salmonella performance standards 
in broiler chickens for the first time in 15 years and its promulgation of performance standards for 
Campylobacter for the first time in the agency’s history (USDA 2009, 2011).6 
continued pursuit of improvement in this area is needed, however. FSIS estimates that these new stand-
ards will result in 20,000 fewer Salmonella cases and 5,000 fewer Campylobacter cases each year, but 
these reductions reflect only a 2 percent and less than 1 percent reduction in foodborne salmonellosis 
and campylobacteriosis respectively (Scallan et al. 2011a). The nAS and other leading science policy 
bodies have recommended that monitoring, evaluation, and revision be a critical component of the kinds 
of innovations FSIS has undertaken. 
6. Considerable burden of disease is caused by food handling and preparation problems in food 
service and retail settings.
The role of food workers in the handling and preparation of foods has long been understood as an 
important factor in foodborne disease. It has been suggested that up to 70% of foodborne illness are 
acquired outside the home (chapman et al. 2010), though the portion of foodborne illness caused 
by failures of food workers is ultimately unknown (Jones and Angulo 2006, Jacob and Powell 2009). 
Listeria monocytogenes in deli meats ranks as the pathogen-food pair with the third highest disease 
burden in our rankings, and recent studies suggest that the majority of these illnesses are due to retail-
sliced deli meats rather than those that are prepackaged (Endrikat et al. 2010). likewise, Foodnet 
case-control studies for Campylobacter, E. coli o157:H7, Salmonella¸ Listeria and other pathogens 
consistently show higher risks for foods prepared outside the home (e.g. Friedman et al. 2004, 
kassenborg et al. 2004, Hennessy et al. 2004, kimura et al. 2004, varma et al. 2007, voetsch et al. 
2009). In our analysis, complex multi-ingredient dishes, often associated with mistakes in preparation 
during food preparation and handling, are the 3rd leading food group in terms of associated burden of 
disease. Depending on the pathogen, 70-80 percent of outbreaks in our dataset due to complex foods 
were associated with food prepared in restaurants, cafeterias, deli counters, and other professional 
kitchens. 
6  FSIS announced new performance standards in may, 2010, which are set to go into effect in July, 2011 (USDA 2009). 
These standards specify the maximum number of positive samples for Salmonella and Campylobacter in sets taken on young chickens 
and turkey for establishments to remain in compliance. The performance standard for Salmonella is being set at 5 samples out of 51 
for chickens (9.8%) and 4 of 56 (7.1%) for turkeys. For Campylobacter, the maximum number of positive samples is 8 of 51 (15.7%) 
for chickens and 3 of 56 for turkeys (5.36%). These rates were set based on baseline studies of the entire industry.
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This suggests that there is still room for significant improvement in this area and it highlights the im-
portance of food safety efforts at the local and state level, as federal agencies have no direct oversight 
of most of the places in which food is prepared or sold to consumers. Federal agencies nonetheless 
have a leadership role in strengthening state and local efforts as part of the national food safety system. 
government actions that could improve retail and food service food safety include fully funding state 
and local inspection activities, increasing adoption of the most recent food code, improving education 
and training of food workers and government inspectors, and creating incentives to foster improved food 
safety in the private sector. A number of these actions have been identified by FDA as goals of its Retail 
Food Safety Initiative, which followed a 10 year study of retail risk factors (FDA 2011a, 2011b). Ultimately, 
however, food safety responsibilities lie with those producing and preparing the food itself; the private 
sector must do more to facilitate a culture of food safety that results in measurable improvements to food 
safety behaviors (Powell et al. 2010).
7. Toxoplasma gondii causes nearly $3 billion or loss of 11,000 QaLYs in disease burden annu-
ally, making it one of the most burdensome foodborne pathogens, yet our understanding of 
the pathways for human infection is limited.
our data highlight the relative public health impact of Toxoplasma infections. cDc estimates 87,000 
cases of foodborne toxoplasmosis annually, resulting in over 300 deaths, surpassed only by foodborne 
Salmonella (Scallan et al. 2011a). These infections tend to manifest themselves clinically in subpopula-
tions with increased susceptibility, including pregnant women and their unborn infants, and persons who 
are immunocompromised and/or have AIDS. most people show minimal or no symptoms during acute 
infection, but maintain latent cysts in brain, heart, and skeletal muscle tissue that may reactivate when the 
immune system is compromised. Estimating the annual incidence of adult toxoplasmosis is difficult be-
cause of this latency and lack of acute symptoms, so it is estimated based on population-based, cross-
sectional serologic surveys (Scallan et al. 2011a). The government should consider steps to improve 
surveillance of both adult and congenital toxoplasmosis, such as making acute toxoplasmosis and/or 
congenital toxoplasmosis nationally notifiable diseases to ensure they are reported (bénard et al. 2008). 
longitudinal or targeted cross-sectional studies may help to better quantify incidence of toxoplasmosis 
and chronic sequelae, as might advanced mathematical modeling (berrébi et al. 2010, Walker et al. 
1992, Welton and Ades 2005). 
our understanding of the pathways for human infection from Toxoplasma is limited and affects our abil-
ity to manage risk of foodborne toxoplasmosis. Toxoplasma is most commonly associated with cats, and 
while cats are the definitive host, cDc estimates that 50 percent of infections are foodborne (Dubey 
2000, Scallan et al. 2011a). before strategies can be developed for reducing foodborne toxoplasmosis 
risks, a better understanding is needed of how much Toxoplasma risk is attributable to different foods.
Historically, foodborne toxoplasmosis has been associated with pork. but tests on pork show a major de-
cline over the last fifteen years, while the number of other foodborne vectors associated with Toxoplasma 
has increased (Dubey 2000, Dubey and Jones 2008, Dubey 2010). A recent case-control study by cDc 
found the leading foodborne risks to be eating raw ground beef, rare lamb or locally produced cured, 
dried or smoked meat (Jones et al. 2009). Handling raw meat, drinking unpasteurized goat’s milk and 
consuming raw shellfish were also identified as risks as were consumption or handling of wild game. The 
risks associated with backyard production of produce and animals (particularly chickens) need to be 
better understood; this may be an emerging risk factor, as Toxoplasma contamination rates for both have 
been shown to be higher when produced around domestic cats. The relative importance of these food, 
water and non-food pathways is very poorly understood, which poses major challenges for regulatory 
agencies to target interventions.
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This lack of knowledge combined with the remarkably high health burden associated with foodborne tox-
oplasmosis clearly points to the need for significantly more effort in understanding and characterizing the 
sources of these illnesses. Significant increases in data collection, epidemiologic studies and scientific 
research are needed. This effort needs to involve both regulatory and research agencies in the federal 
government as well as researchers in universities and the private sector.
8. E. coli O157:h7 and non-O157 steCs cause about $300 million or loss of 2,000 QaLYs in dis-
ease burden annually.
Although the overall burden of disease is not as high as the top five pathogens, individual cases of dis-
ease are devastating both physically and financially, and often occur in small children, a sensitive sub-
population that warrants particular protection. 
According to Foodnet data, the rate of infection in 2009 is 60 percent of the rate in 1996-1998 (cDc 
2010). moreover, due to greater recognition of the disease, faster diagnostics, and more timely institu-
tion of appropriate therapies, far fewer patients die today than a decade ago (gould et al. 2009, collins 
and green 2010). cDc’s most recent estimate of the mortality rate (Scallan et al. 2011a) is a dramatic 
40 percent of the rate estimated ten years ago (mead et al. 1999).7 At the same time, studies have 
shown non-o157 STEcs to be increasing, and surveillance systems for these strains may be insufficient 
(Hughes et al. 2006, osterholm 2011). 
chronic sequelae resulting from HUS are a significant contributor to the disease burden , but esti-
mates of QAly loss and cost of illness are heavily driven by the number of deaths due to acute ill-
ness. cDc estimates that STEcs cause 20 deaths annually, compared to 380, 330, and 250 due to 
Salmonella, Toxoplasma gondii and Listeria monocytogenes, respectively. our estimates of chronic 
impacts are conservative. They do not estimate the impacts of other serious postinfectious conditions, 
such as diabetes, hypertension, cardiovascular disease, or irritable bowel disease (Suri et al. 2009, 
clark et al. 2010, Pennington 2010). Even if they were included, however, these impacts would not 
likely change the top rankings.
our findings do not suggest that STEcs are unimportant or that special attention to E. coli o157:H7 is 
unwarranted. Rather, the lesson should be that both the public and government decision makers have 
been less aware of other pathogens, such as Toxoplasma, that are causing significant disease burden 
and which therefore deserve greater attention than they are currently receiving.
This finding also highlights the fact that all rankings are inherently limited by the metrics used. The metrics 
used in our rankings, as well as the rankings implied by epidemiological data such as the cDc incidence 
data, focus on average population risk. other risk characteristics may be of great importance to the public 
and to government decision makers. For example, for some decisions risk per serving may be more informa-
tive than total or average public health burden. The great attention given to both E. coli o157:H7 and non-
o157 STEcs stems in part from the fact that many of the victims of foodborne illness associated with them 
have been young children. Just because a pathogen-food pair does not rank in a top 10 list does not mean 
it is unimportant. Distributional concerns, such as the impact on vulnerable populations, may be important 
policy considerations, but are reflected in our results in only a limited way through the structure of the QAly 
metrics. These limitations are reasons why we recommend that risk rankings and other analyses like ours 
should be used as one factor in prioritization and regulatory decision making.
7     Had the mortality rate stayed the same as reported in 1999, our estimates of the costs of illness would have doubled to $530 
million. This assumes 53 estimated annual deaths instead of 20, with requisite decreases in the number of cases in other severity 
categories. Even under this assumption, E.coli o157:H7 in beef would have ranked 12th or 13th among pathogen-food combinations 
on the basis of cost of illness.
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9. Our results highlight the limitations data quality places on the ability to make risk-informed 
food safety policy decisions. We find the limitations in the ability to confidently attribute 
cases of foodborne illnesses to specific foods poses the greatest challenge.
To test the robustness of our results, we have conducted a number of sensitivity analyses around in-
cidence estimates, methods of attributing illnesses to foods and parameters in our cost of illness es-
timates. As discussed in chapter 3, uncertainty in food attribution impacts rankings of pathogen-food 
combinations more than alternate assumptions in incidence estimates or cost of illness estimates. This is 
because uncertainties in incidence and cost of illness are highly correlated across pathogens.
The degree of uncertainty about attribution varies by pathogen, but as has been stated previously, bet-
ter information on food attribution is needed for most of the major pathogens (batz et al. 2005, Pires et 
al. 2009, nAS 2010). As previously mentioned, there is very little empirical data to support Toxoplasma 
gondii attribution estimates. Unlike the majority of foodborne pathogens, Toxoplasma gondii is a parasite, 
rather than a bacteria or a virus, and many of its impacts are latent. Adequate parasitological capacity 
may not exist in the agencies at this time to increase attention on Toxoplasma and may be contributing to 
the relative lack of attention it has received. For different reasons, there is significant uncertainty about 
Salmonella and Campylobacter. These pathogens are so pervasive that more accurate attribution is key 
to identifying interventions. numerous approaches, including the use of serotyping, Pulsenet, and micro-
bial subtyping methods, should be pursued. likewise, because norovirus is highly contagious, the key 
role of person-to-person transmission makes attribution difficult.  
This finding supports the coordinated effort federal regulatory and research agencies are undertaking 
(the aforementioned IFSAc) to share data and collaborate on developing better attribution methods and 
estimates. The expert elicitation study conducted as part of this research effort provides insights into the 
role that methodology can play in addressing scientific uncertainty about attribution estimates (Hoffmann 
et al. 2007b).
The long-term impacts of foodborne pathogens are increasingly understood as a significant compo-
nent of their burden of disease (e.g. lindsay 1997; Ternhag et al. 2008; gradel et al. 2009). our anal-
ysis shows that chronic conditions and latent impacts to developing fetuses are important components 
of the costs of illness and impacts to health-related quality of life. Three of the top five pathogens and 
five of the top 10 pathogen-food combinations are associated with significant health impacts beyond 
those due to acute infection. our efforts to estimate the impacts of additional chronic sequelae, such 
as reactive arthritis and irritable bowel syndrome, were stymied by the lack of solid, empirical data on 
the rates of chronic sequelae, their defined association with specific infectious agents, and the quan-
titative likelihoods of major symptoms, severities, durations and outcomes, and the economic costs of 
these impacts. Increased surveillance and research on the long-term impacts of foodborne disease is 
critical to fully assess the public health impacts of these risks.
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aPPendiX a: rankinGs of 
ToP 50 PaTHoGen-food 
CombinaTions
Table a-1: ToP 50 PaThogen-Food CombinaTions, by Combined Qaly/$ rank*
Rank Pathogen-food Combinations QaLY Loss
Cost of iLLness 
($ miL.) iLLnesses
hosPitaL-
izations
deaths
1 Campylobacter - Poultry 9,541 1,257 608,231 6,091 55
2 Toxoplasma - Pork 4,495 1,219 35,537 1,815 134
3 L. monocytogenes - Deli Meats 3,948 1,086 651 595 104
4 Salmonella - Poultry 3,610 712 221,045 4,159 81
5 L. monocytogenes - Dairy 2,632 724 434 397 70
6 Salmonella - Complex foods 3,195 630 195,655 3,682 72
7 Norovirus - Complex foods 2,294 914 2,494,222 6,696 68
8 Salmonella - Produce 2,781 548 170,264 3,204 63
9 Toxoplasma - Beef 2,541 689 20,086 1,026 76
10 Salmonella - Eggs 1,878 370 115,003 2,164 42
11 L. monocytogenes - Complex foods 1,316 362 217 198 35
12 Salmonella - Beef 1,073 212 65,716 1,237 24
13 Salmonella - Pork 1,073 212 65,716 1,237 24
14 Norovirus - Produce 779 311 847,184 2,274 23
15 Salmonella - Dairy 1,000 197 61,235 1,152 23
16 Yersinia - Pork 1,013 180 69,889 381 21
17 Toxoplasma - Produce 772 209 6,104 312 23
18 Salmonella - Seafood 854 168 52,274 984 19
19 Campylobacter - Dairy 1,034 136 65,886 660 6
20 Vibrio vulnificus - Seafood 541 282 93 90 35
21 E.coli 0157 - Beef 828 144 33,410 1,131 11
22 Norovirus - Seafood 461 184 501,684 1,347 14
23 Salmonella - Breads and Bakery 585 115 35,845 675 13
24 L. monocytogenes - Pork 439 121 72 66 12
25 L. monocytogenes - Poultry 439 121 72 66 12
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Rank Pathogen-food PaiR QaLY Loss
Cost of iLLness 
($ miL.) iLLnesses
hosPitaL-
izations
deaths
26 L. monocytogenes - Produce 439 121 72 66 12
27 L. monocytogenes - Seafood 439 121 72 66 12
28 Campylobacter - Produce 693 91 44,178 442 4
29 Norovirus - Breads and Bakery 392 156 425,958 1,144 12
30 Salmonella - Deli/Other Meats 561 111 34,352 646 13
31 Norovirus - Poultry 387 154 421,225 1,131 11
32 Campylobacter - Pork 584 77 37,215 373 3
33 Campylobacter - Beef 580 76 36,952 370 3
34 Toxoplasma - Poultry 410 111 3,242 166 12
35 C. perfringens - Beef 285 101 314,612 143 8
36 C. perfringens - Poultry 234 83 258,080 117 7
37 Toxoplasma - Dairy 261 71 2,062 105 8
38 Norovirus - Beef 205 82 222,445 597 6
39 C. perfringens - Complex foods 212 75 233,501 106 6
40 Campylobacter - Eggs 341 45 21,749 218 2
41 E.coli 0157 - Produce 283 49 11,408 386 4
42 Shigella - Complex foods 245 54 58,930 654 4
43 Toxoplasma - Deli/Other Meats 188 51 1,490 76 6
44 Norovirus - Pork 144 57 156,185 419 4
45 E.coli 0157 - Complex foods 232 40 9,371 317 3
46 Norovirus - Deli/Other Meats 113 45 123,055 330 3
47 Cryptosporidium - Produce 203 28 34,286 125 2
48 Yersinia - Dairy 173 31 11,917 65 4
49 Salmonella - Beverages 171 34 10,455 197 4
50 Norovirus - Dairy 109 43 118,322 318 3
* Excluding pathogens in game
Table a-1 (ConTinued): ToP 50 PaThogen-Food Pairs, by Combined Qaly/$ rank* 
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Figure a-1: ToP 20 PaThogen Food CombinaTions
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Figure a-2: ToP 50 PaThogen-Food CombinaTions by CosT oF illness and by Qaly loss, 
ordered by Combined rank
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aPPendiX b: aTTribUTion daTa
This appendix includes some information on the data used to estimate attributable fractions for each pathogen.
Tables E-1 and E-2 show the number of outbreaks and outbreak cases which we binned into each food cat-
egory, based on cDc summary line-listing data from 1998-2008.
We created rules for how to bin specific foods identified in outbreaks. For many outbreaks, this binning was 
straightforward. If “ground beef” was identified in the outbreak investigation, we binned it under “beef.” but 
other dishes require some judgment. For example, meat dishes – in which meat is the primary but not only 
ingredient – were binned with meats. “complex dishes” captures those non-meat dishes with multiple ingre-
dients, where the contaminated ingredient could not be identified; such foods include pasta dishes, pizza, 
rice dishes, deli salads, green salads (which often include cheese, dressings, and other non-produce ingre-
dients), sauces, sandwiches, processed foods such as peanut butter and miscellaneous take-out dishes. 
Sometimes the outbreak investigations simply identify “ethnic food.” The “multi-Source” category is relevant 
to bin those outbreaks for which multiple dishes, meat and non-meat, were identified as potential vectors; in 
such cases, we felt it would be a mistake to attempt to attribute these either to meats or to the non-meat (e.g. 
produce, eggs, complex foods), so we dropped them from the analysis. 
Table b-1: Foodborne ouTbreaks, by Food CaTegory, 1998-2008 
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Beef 7 128 0 0 82 6 0 47 44 6 0 0
Beverages 0 0 2 0 3 2 0 24 7 0 0 0
Bread and baked goods 0 0 0 0 1 0 0 90 24 0 0 0
Dairy products 63 2 0 0 10 3 6 25 41 1 0 0
Eggs 0 0 0 0 0 0 0 7 77 0 0 0
Game 2 1 0 0 0 0 0 1 0 0 0 0
Deli/Other Meats 2 11 0 0 6 0 5 22 19 2 0 1
Complex foods 14 95 2 3 23 1 3 527 131 22 0 0
Multi-Source 16 115 0 2 15 3 1 358 124 12 0 1
Pork 3 34 0 0 0 0 1 33 44 0 0 5
Poultry 25 105 0 0 1 1 4 92 152 6 1 0
Produce 8 13 0 11 28 2 1 179 114 8 0 0
Seafood 5 4 0 0 1 0 1 106 35 4 75 0
Unknown 66 79 13 8 88 21 4 1938 476 67 3 2
Total 211 587 17 24 258 39 26 3449 1288 128 79 9
Total attributable 129 393 4 14 155 15 21 1153 688 49 76 6
note: Total attributable excludes unknown and multi-source outbreaks. There were zero outbreaks reported due to Toxoplasma gondii.
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Table b-2: Foodborne ouTbreak Cases, by Food CaTegory, 1998-2008 
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Beef 241 4219 0 0 1556 91 0 628 949 91 0 0
Beverages 0 0 356 0 39 230 0 727 752 0 0 0
Bread & baked goods 0 0 0 0 29 0 0 2536 1041 0 0 0
Dairy products 2746 47 0 0 110 351 52 819 1273 2 0 0
Eggs 0 0 0 0 0 0 0 116 1937 0 0 0
Game 4 5 0 0 0 0 0 17 0 0 0 0
Deli/other meats 25 442 0 0 107 0 125 634 464 102 0 9
Complex foods 128 2581 13 35 579 3 86 16966 4772 999 0 0
Multi-Source 457 5595 0 172 300 74 2 11215 5641 214 0 5
Pork 78 868 0 0 0 0 3 779 1070 0 0 59
Poultry 193 4206 0 0 36 2 99 2079 3307 354 47 0
Produce 513 1313 0 954 1564 26 6 5928 7287 2020 0 0
Seafood 280 31 0 0 14 0 5 2024 645 61 1161 0
Unknown 795 2139 219 162 1008 777 17 57061 8376 2563 9 18
Total 5460 21446 588 1323 5342 1554 395 101529 37514 6406 1217 91
Total attributable 4208 13712 369 989 4034 703 376 33253 23497 3629 1208 68
note: Total attributable excludes unknown and multi-source outbreaks. There were zero outbreaks reported due to Toxoplasma gondii.
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